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CHAPTER 1. General Introduction 
Contemporary cropping systems that include little biodiversity are detrimental to the 
ecological health of the soil and agriculture of Iowa.  Cropping systems that expand to 
include cool season and legume species can reduce the amount of off-farm, synthetic inputs 
(Liebman et al., 2008).  Production costs are thus alleviated and profitability of the system 
may be improved due to the added enterprises.  National Organic Program Rules of the 
USDA require diverse crop rotations as part of the process to certify organic crop production 
methods (Kuepper and Gegner, 2004; Bellows, 2005).  Adding a crop, such as flax (Linum 
usitatissimum L.), to the array of crops an organic grower in Iowa can successfully produce 
would increase the biodiversity of the agricultural landscape of Iowa. 
Recent evidence has shed light on the potential for organic flaxseed to improve the 
diets of humans.  More specifically, the oil in flaxseed is rich in linolenic acid, a common 
omega-3 fatty acid (Myers, 2002).  Omega-3 fatty acid has been implicated in reducing the 
risk of chronic disease in humans (Morris, 2007).  This has led to an increase in demand for 
production of flaxseed and a subsequent need for an expansion of production acres (Myers, 
2002).  Demand for production in the upper Midwest was spurred by the construction of a 
certified organic oilseed expelling facility in northwest Iowa (Sayre, 2004).  According to the 
National Agricultural Statistics Service of the USDA (2010a), flax has not been grown 
commercially in Iowa since 1971.  However, production acres in the state started dwindling 
in the mid 1950s (NASS, 2010a).  Currently, flax produced for seed and oil is grown in North 
Dakota, South Dakota, Minnesota, Montana in the U.S., with 91% of the production 
occurring in North Dakota (NASS, 2010a).  Flax is most commonly grown in Canada with 
the majority of production occurring in the province of Saskatchewan (Ferguson et al., 2005).  
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Production guidelines are readily available for growers in these regions.  As over 30 years 
separates the present from when flax was last grown in Iowa, the need to expand on a small 
body of research on the production of organic flaxseed in the Midwest is evident. 
Smith and Carlson (2006) and Delate et al. (2008), are the most recent studies that 
have aimed at providing guidelines for organic growers of flax in Iowa.  Little difference has 
been observed among cultivars of flax tested in Iowa with regard to seed yield (Smith and 
Carlson, 2006; Delate et al., 2008).  Smith and Carlson (2006) observed a slight seed yield 
advantage in the cultivars ‘Hanley’ and ‘York.’  Smith and Carlson (2006) also determined 
seed yield to decline by 34 lb acre-1 for each day planting was delayed after early April 
regardless of cultivar.  Weed management was also assessed in these studies.  Underseeding 
red clover (Trifolium pratense L.) with flax did not reduce competition from weeds (Smith 
and Carlson, 2006; Delate et al., 2008).  Furthermore, the underseeding was not found to 
adversely affect seed yield of flax (Smith and Carlson, 2006).  The N requirement of flax in 
Iowa has only minimally been addressed.  Smith and Carlson (2006) determined an increase 
in seed yield with the addition of 50 lb acre-1 of synthetic, commercial N.  Delate et al. 
(2008) observed seed yield of flax benefitted from the application of 50 lb N acre-1 applied as 
composted chicken manure.  Neither study, however, attempted to establish a relationship 
between agronomic components of flax and N in Iowa.  Responses and relationships of 
agronomic components of flax to N have been studied in the cooler, drier climate regions of 
the Great Plains and Canada.  These relationships need to be understood to make accurate 
recommendations for organic growers in Iowa.  Additionally, growers are interested in the 
effect of N on weed competition and the consequential effect on yield of flax.  The potential 
profitability of flax production is another aspect given due consideration by growers. 
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Thesis organization 
Directly following this general introduction (Chapter one) is a review of literature 
pertinent to this study (Chapter two).  Chapters three, four, and five are written in manuscript 
format.  Each chapter contains Abstract, Introduction, Materials and Methods, Results and 
Discussion, and Conclusion sections specific to that chapter.  Chapter three discusses the 
response of agronomic components of flax to N source and rate.  Chapter four discusses the 
relationship between seed yield, straw yield, and oil concentration of flax to weed 
competition.  Chapter five discusses returns to the production of flax within the context of 
this field experiment.  Chapters three, four, and five are to be submitted for publication in 
journals to be named later.  The lead author is the primary researcher while the major 
professor and committee members are included as additional authors of these chapters due to 
guidance provided.  Finally, chapter six discusses some general conclusion to this study. 
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CHAPTER 2. Literature Review 
Introduction  
Flax is thought to have originated in Egypt and other parts of the Near East (Zohary 
and Hopf, 2000; AURI, 2003; Berglund and Zollinger, 2007).  Flax is produced for seed and 
the oil in the seed or the fiber in stem (Zohary and Hopf, 2000; AURI, 2003; Berglund and 
Zollinger, 2007).  The fiber can be used to make linen, which can be made into clothing or 
paper (Zohary and Hopf, 2000; Berglund and Zollinger, 2007).  Humans and livestock 
consume both whole- and ground-flaxseed (Berglund and Zollinger, 2007).  The seed oil of 
flax has both cooking and industrial uses, while the meal resulting from the pressing process 
can be fed to livestock (Zohary and Hopf, 2000; Berglund and Zollinger, 2007).  The oil was 
referred to as linseed oil and was a common additive to paint as a drying agent in the pre-
WWII era (Green and Marshall, 1981).  In the present, the oil is referred to as flaxseed oil 
and has gained popularity as a dietary supplement (AURI, 2003; Berglund and Zollinger, 
2007).  Flaxseed typically contains 40% oil (Zohary and Hopf, 2000), and on average the oil 
contains 57% linolenic acid (AURI, 2003; Vrinten et al., 2005; Morris, 2007).  Linolenic acid 
is a common omega-3 fatty acid that is known to reduce to risk of chronic disease in humans 
(Morris, 2007).  Currently, flax produced for seed and/or oil is primarily grown in Canada 
and northern areas of the U.S. (AURI, 2003; Berglund and Zollinger, 2007).  Flax produced 
for fiber is primarily grown in parts of Europe, the former Soviet Union, and Asia (AURI, 
2003; Berglund and Zollinger, 2007). 
 Flax is an annual plant with one main stem that terminates in a multibranched 
inflorescence (Berglund and Zollinger, 2007).  A 50-day vegetative stage is succeeded by a 
25-day flowering stage, which is followed by a 35-day maturation stage (Berglund and 
6 
 
150 
Zollinger, 2007).  Flowers consist of blue and white colored petals that form into bolls during 
the maturation stage (Berglund and Zollinger, 2007).  Approximately six to ten seeds form in 
each boll (AURI, 2003; Berglund and Zollinger, 2007).  Depending on the cultivar, 
physiologically mature seeds will be brown, golden, or yellow (Berglund and Zollinger, 
2007).  A mature plant generally reaches 24 to 36 inches in height (Berglund and Zollinger, 
2007).  
Planting date for flax 
In Canada and North Dakota, flax should be planted in late-April and early-May to 
ensure maximal seed yields (Berglund and Zollinger, 2007; Flax Council of Canada, 2007).  
Flax should be planted as early as possible in the spring as seedlings are relatively tolerant of 
frost.  Seedlings that have just emerged from the soil can withstand temperatures ≥27º F and 
once seedlings have reached the two-leaf stage, they can withstand temperatures ≥18º F 
(Berglund and Zollinger, 2007; Flax Council of Canada, 2007).  Sheppard and Bates (1988) 
delayed planting by 20- and 40-days after the initial planting date in late-April in Ontario.  
They observed declines in seed yield with each delayed planting date compared to the initial 
planting date.  Drought conditions late in the growing season experienced by immature plants 
as a result of the delayed planting dates were suggested as the cause for the reductions in 
seed yield (Sheppard and Bates, 1988).  Cross et al. (2003) observed the duration of 
flowering of flax in a growth chamber subjected to 7 and 14 d of heat stress to exceed that of 
the control (no heat stress).  Heat stress was achieved by raising growth chamber temperature 
from 64º to 104º F over a 7 h period, holding at 104º F for 2 h, and lowering back to 64º F 
over a 7 h period.  Flowering duration of flax lasted 41 d when subjected to heat stress 
compared to 26 d in the control (64º to 73º to 64º F over the same period) (Cross et al., 
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2003).  Boll production and seed set of heat-stressed flax decreased by 5 boll plant-1 and 53 
seed plant-1, respectively, after 26-d of flowering (Cross et al., 2003).  The authors made this 
comparison after 26 d, as flax would normally not have 41 d to finish flowering and begin 
maturing under normal field conditions due to autumn frost in Canada and North Dakota.  
Additionally, pollen viability was visually observed to have decreased in plants following 10 
d of heat stress (Cross et al., 2003).  Lafond et al. (2008), however, observed no reduction in 
seed yield when planting was delayed by two weeks in Saskatchewan.  Oil concentration of 
flaxseed, however, was reduced from 44.9% to 44.5% between the early-May and mid-May 
planting dates (Lafond et al., 2008).  Seed weight was also reduced from 0.20 to 0.19 oz 
1,000 seed-1 as a result of the later planting date (Lafond et al., 2008).  Time to flowering and 
maturity was less in the later planting due to the more rapid accumulation of heat units by the 
flax in the later planting (Lafond et al., 2008). Accordingly, flax should be planted as early as 
possible in Iowa (Smith and Carlson, 2006; Delate et al., 2008).  In Iowa, Smith and Carlson 
(2006) previously calculated that seed yield decreased by 34 lb acre-1 d-1 beyond the 1 April 
target planting date.  In Canada and North Dakota, flax is grown in rotation with other small 
grain species (Berglund and Zollinger, 2007), while flax would be more likely be grown 
following corn (Zea mays L.) or soybean [Glycine max (L.) Merr.] in the Midwest. 
Responses of agronomic components of flax to N 
 Recommendations concerning required N to maximize seed yield of flax are 
prevalent in North Dakota and Canada.  In North Dakota, no more than 80 lb N acre-1 are 
suggested based on soil test results and a typical yield goal of 1,250 lb acre-1 (Franzen, 2004).  
Slightly lower rates, 31 to 71 lb N acre-1, are suggested for Manitoba and Saskatchewan in 
Canada (Flax Council of Canada, 2007).  Seed yield response to 26 to 175 lb acre-1 N was 
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reduced when planting was delayed 20 d after late-April compared to flax planted in late-
April in Ontario (Sheppard and Bates, 1988).  No response to N was observed when planting 
was delayed 40 d.  When planting was not delayed beyond late-April, seed yield of flax 
increases with ≤ 80 lb N acre-1 (Sheppard and Bates, 1988).  Grant et al. (1999) observed the 
response of seed yield of flax to N varied across site-years when following spring wheat in 
rotation in a study conducted in Manitoba.  The authors observed seed yield increased with 
the application of 9 to 35 lb N acre-1, but not when application was increased to 70 lb N acre-1 
at most site-years.  At three site-years, seed yield decreased when more than 9 lb N acre-1 
were applied and was attributed to above normal soil nitrate (NO3-N) levels (Grant et al., 
1999).  Lafond et al. (2008) applied N to flax at 67%, 100%, and 133% of the recommended 
rate based on soil test results following a cereal crop and a seed yield goal of 1,770 lb acre-1 
in Manitoba and Saskatchewan.  The authors observed seed yield of flax increased from 
1,226 to 1,251 lb acre-1 as 67% to 100% of recommended N was applied, respectively.  
Applying N beyond the recommended rate, however, did not increase seed yield (Lafond et 
al., 2008).  Malhi et al. (2008) observed a similar trend as N was applied beyond 53 and 70 lb 
N acre-1, the recommendations depending on the experimental site, in Saskatchewan.  Seed 
yield of flax did not increase when N application exceeded these recommendations at the 
four experimental sites (Malhi et al., 2008). 
Applied N affects the straw yield of flax.  In Manitoba, Grant et al. (1999) observed 
straw yield of flax increased from 4,480 to 10,820 lb acre-1 when increasing N from 9 to 70 
lb N acre-1, respectively.  Malhi et al. (2008) also found straw yield increased with N, but not 
when applications exceeded recommendations based seed yield goals and soil conditions in 
Saskatchewan.  Straw yield of flax increases with N at higher rates than seed yield (Nuttall 
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and Malhi, 1991; Grant et al., 1999; Malhi et al., 2008).  Grant et al. (1999) suggested that 
higher rates of applied N favor vegetative yield over seed fill.  Thus, N also reduces the 
harvest index of flax [seed yield/(seed yield + straw yield)]. 
Applied N also influences quality factors of flaxseed—oil concentration of flaxseed 
and linolenic acid concentration of flaxseed oil.  Price premiums are available to growers for 
food-grade flaxseed that contains ≥41.0% oil (Vakulabharanam, 2008).  Dybing (1964) 
observed oil concentration decreased from 42.4% to 40.2% when 0 and 60 lb N acre-1 were 
applied, respectively, in South Dakota.  Linolenic acid concentration of flaxseed oil was 
reduced from 53.8% to 51.3% with the same application of N (Dybing, 1964).  In Manitoba 
and Saskatchewan, Lafond et al. (2008) found seed oil concentration declined from 44.7% to 
44.3% with application of 67% to 133% of recommended N, respectively, for a seed yield 
goal of 1,770 lb acre-1.  The authors also observed that linolenic acid concentration of the oil 
declined from 56.1% to 55.4% with increased N.  These studies further shed light on how 
critical proper application of N to maximize the performance of flax.   
No effect of the formulation of N has been observed on the agronomic components of 
flax.  Lafond et al. (2003) observed no difference in the seed yield, oil concentration, linoleic 
acid concentration, or linolenic acid concentration of flaxseed when N was applied as 
ammonium nitrate, ammonium sulfate, or urea in Manitoba and Saskatchewan.  Malhi et al. 
(2008) observed no difference in seed or straw yield of flax when N was applied as either 
urea or anhydrous ammonia in Saskatchewan.  Whether other forms of N have differential 
effects on agronomic components of flax is yet to be studied. 
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Nitrogen options in organic production of flax 
 The USDA-National Organic Program mandates a 36-month period without 
manufactured inputs applied to land before it is eligible for organic certification (Kuepper, 
2002).  Growers need to adhere to these standards to maintain certification as well.  Growing 
flax after a leguminous species such as soybean, red clover, or alfalfa (Medicago sativa L.) is 
suggested to meet N requirements without synthetically manufactured inputs (Smith and 
Carlson, 2006).  Alternatively, fresh manure or composted manure is recommended to meet 
the N requirement of flax (Smith and Carlson, 2006; Delate et al., 2008).  These authors do 
not discuss the response of flax to biological forms of N and requires further elucidation.   
 Fresh manure and composted manure can provide adequate fertility for crop 
production (Eghball and Power, 1999) as well as help to improve soil quality (Eghball and 
Power, 1994).  Eghball and Power (1999) observed application of manure and composted 
manure of beef cattle (Bos taurus L.) to result in grain yields of corn no different from when 
a synthetic form of N was applied.  Furthermore, no difference in grain yield of corn was 
observed between manure and compost application (Eghball and Power, 1999).  The N in 
manure is generally understood to be more readily available to the crop than the N in 
compost during the first year of application.  This is because manure contains higher levels of 
inorganic N, the form of N readily available for plant-uptake, compared to composted 
manure (Paul and Beauchamp, 1994).  All of the N in the fresh manure of swine (Sus scrofa 
domestica L.) is available in the first year of application due to the large concentration of 
inorganic, plant-available N in fresh swine manure (Sawyer and Mallarino, 2008).  The 
majority of the N in composted manure is in the organic form and must mineralize before it 
is plant-available (Eghball, 2000).  Estimates as to the availability of the N in compost ranges 
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from 10% to 50% in the first year after application (The Composting Council, 1996; Eghball 
and Power, 1999; Cynthia Cambardella, personal communication).  Eghball and Power 
(1999) also estimated that the second-year availability of N from compost to be 8%.  Nutrient 
analyses can determine the N content of manure and compost.  Using these analyses and 
understanding the estimated availability of the N, a desired amount of N can be applied to a 
field for crop production.  Thus, manure and composted manure are ideal biological sources 
of N for organic crop production.   
Response of flax to Phosphorus 
Flax has not been shown to be responsive to applied P.  Grant et al. (1999) observed 
no effect of 17.5 lb acre-1 of applied P on the seed yield or straw yield of flax compared to 
when no P was applied in Manitoba.  Similarly, Lafond et al. (2003) observed no effect of 
applying 7.6 lb P acre-1 on seed yield, seed oil concentration, linoleic acid concentration, or 
linolenic acid concentration of flax compared to when no P was applied in Manitoba and 
Saskatchewan.  Both studies attributed adequate residual P in the soil to the lack of response 
to applied P.  Additionally, fertilizer recommendations in North Dakota do not generally 
encourage applying P for production of flax (Franzen, 2004).  Therefore, this study did not 
consider P and instead only focused on N in regards to fertility. 
Effect of weed competition on agronomic components of flax 
 Due to its small leaves and inability to produce a closed crop canopy, flax is a poor 
competitor with weeds (Berglund and Zollinger, 2007).  Weed competition decreases seed 
yield, straw yield and oil concentration of flax (Bowden and Friesen, 1967; Bell and 
Nalewaja, 1968; Alessi and Power, 1970; Chow, 1983; Friesen, 1986; Friesen, 1988).  
Uncontrolled weed competition reduces seed yields of flax by 39 to 81% compared to yields 
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when weed competition is removed by hand (Bell and Nalewaja, 1968; Alessi and Power, 
1970; Chow, 1983; Friesen, 1986; Friesen, 1988).  In Manitoba, Bowden and Friesen (1967) 
observed seed yield of flax declined from 1,070 to 325 lb acre-1 as density of wild oat (Avena 
fatua L.) increased from 0 to 20 plant ft-2.  In North Dakota, Bell and Nalewaja (1968) 
observed seed yield of flax to decline from 1,560 to 180 lb acre-1 as density of wild oat 
increased from 0 to 20 plant ft-2.  Regression analysis performed on these data reported very 
strong negative relationships between seed yield of flax and density of wild oat (R2 = 0.97; 
Bowden and Friesen, 1967; R2 = 0.99; Bell and Nalewaja, 1968).  In another study in North 
Dakota, Gruenhagen and Nalewaja (1969) observed seed yield of flax was reduced from 
1,500 to 1,295 lb acre-1 as density of wild buckwheat (Polygonum convolvulus L.) increased 
from 0 to 20 plant ft-2 (R2 = 0.90).  Steepest declines in seed yield observed in these studies 
occurred as weed density increased from 0 to 5 plant ft-2.  In Manitoba, Friesen et al. (1992) 
determined that seed yield of flax decreased by 27 lb acre-1 for each additional round-leaved 
mallow (Malva pusilla Sm.) plant ft-2 competing with flax.  
Nitrogen alters the effect of weed density on seed yield of flax.  Bell and Nalewaja 
(1968) and Gruenhagen and Nalewaja (1969) observed N amplified the reduction in seed 
yield of flax due to increased weed density compared to when no N was applied.  
Gruenhagen and Nalewaja (1969) observed a stronger relationship between seed yield and 
density of wild buckwheat when 50 lb N acre-1 were applied (R2 = 0.89) compared to when 
no N was applied (R2 = 0.62).  The strength of the relationship between seed yield of flax and 
density of wild oat was nearly identical, however, in the fertilized (R2 = 0.96) and 
unfertilized (R2 = 0.95) situations observed by Bell and Nalewaja (1968). 
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Weed competition also decreases vegetative yield of flax (Gruenhagen and Nalewaja, 
1969) and oil concentration of flaxseed (Bell and Nalewaja, 1968).  Gruenhagen and 
Nalewaja (1969) grew a flax plant in the same 5-in pot as a wild buckwheat plant in a growth 
chamber.  The mature dry weight of flax was reduced by 52% compared to when wild 
buckwheat was not grown in the same pot as flax (Gruenhagen and Nalewaja, 1969).  Adding 
the equivalent of 20 lb N acre-1 to the pot did not alter the negative effect of wild buckwheat 
on flax (Guenhagen and Nalewaja, 1969).  Indeed, competition from weeds reduces straw 
yield of flax by reducing dry weight of mature flax. 
Oil concentration of flaxseed is reduced by 2 to 5% when weeds are not controlled 
compared to when they are controlled (Bell and Nalewaja, 1968; Friesen, 1986; Friesen, 
1988).  Bell and Nalewaja (1968) observed oil concentration was reduced from 38.7% to 
33.4% with 30 lb N acre-1 and from 38.2% to 36.2% with no N as density of wild oat 
increased from 0 to 10 plant ft-2.  The relationship between oil concentration and density of 
wild oat was stronger when 30 lb N acre-1 were applied (R2 = 0.96) compared to when no N 
was applied (R2 = 0.64).  The iodine value of a vegetable oil is the amount (oz) of iodine 
absorbed by a 3.5 oz sample of the oil (von Rotz, 1984).  This value is used to determine the 
standards of industrial and food products of vegetable oils such as flaxseed oil (Knothe, 
2002).  Iodine value and linolenic acid concentration of flaxseed oil, a common indicator of 
seed quality, are positively related (Dybing, 1964).  Weed competition has been observed to 
reduce the iodine value of seed oil of flax by 3% compared to when weeds are removed (Bell 
and Nalewaja, 1968; Friesen, 1986; Friesen, 1988).  Bell and Nalewaja (1968) found iodine 
value of seed oil declined from 6.4 to 6.1 oz as density of wild oat increased from 0 to 10 
plant ft-2.  Thus, it can be deduced that weed competition reduces the quality of flaxseed.   
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It is important to note that many of these past experiments mentioned  studied the 
relationship between flax and a single weed species and weed density never exceeded 20 
plant-2 (Bowden and Friesen, 1967; Bell and Nalewaja, 1968; Guenhagen and Nalewaja, 
1969).  Without question, weed density resulting from uncontrolled, ambient growth would 
exceed 20 plant-2.  Relationships between ambient weed biomass or density and flax have not 
been previously investigated. 
Mixtures of grass and broadleaf weed herbicides generally achieve sufficient control 
of weed species such as wild oat (Avena fatua L.), green foxtail (Setaria viridis L.), redroot 
pigweed (Amaranthus retroflexus L.), and common lambsquarters (Chenopodium album L.).  
Seed yields, when weeds are controlled by these mixtures, do not differ from those when 
weeds are removed by hand in Manitoba (Chow, 1983; Friesen, 1988).  Determining these 
kinds of effects of weeds on flax grown in Iowa is important for producers in the state. 
Weed management in organic production of flax 
 Sufficient management of weed species is of particular concern for growers of flax.  
Organic growers of flax must refrain from using any form of chemical weed management as 
stipulated by the National Organic Program (Kuepper, 2002).  Alessi and Power (1970) 
observed greater seed yields of flax with weed competition when the row spacing was 
narrowed to 3 in compared to 12 in in North Dakota.  Increasing the seeding rate of flax will 
increase the stand in the field and may help to compete with weeds in the field (Gubbels, 
1978).  The author found lower populations of flax (5 to 9 plant ft-2) produced seed yields no 
different than greater populations (41 to 71 plant ft-2). Seed yield is not improved by 
increasing population as greater plant populations reduce basal branching and boll production 
of flax (Gubbels, 1978).  Delayed seedbed preparation and seeding is another proposed weed 
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management method, though; lower seed yields will result from delayed planting (Sheppard 
and Bates, 1988; Berglund and Zollinger, 2007).  Weed management in organic production 
of flax is often best achieved through crop rotation, but an underseeding of a legume is also 
suggested (Smith and Carlson, 2006; Delate et al., 2008).  Neither Smith and Carlson (2006) 
nor Delate et al. (2008) report control of weeds by an underseeding of a legume, however.  
Rather, the underseeding is valued more for its inherent soil building qualities and N 
replacement ability for the succeeding crop (Smith and Carlson, 2006; Delate et al., 2008).  
Stute and Posner (1995) observed similar yields of corn when only red clover preceded the 
corn compared to when 160 lb N acre-1 from a synthetic source were applied with the corn.  
An underseeding of red clover was used in this study to mimic weed management strategies 
of organic production.  
Supply chain of flax 
A supply chain for flax is comprised of seed and straw producers, seed cleaners, 
marketers, processors, distributors, and retailers (Ferguson et al., 2005).  Most important for 
growers is the proximity of marketers and processors.  A grower will often forgo the services 
of a marketer and broker the sale of seed directly to a processor (Ferguson et al., 2005).  
After the seed is processed into oil and meal, or left intact as whole seed, a distributor 
purchases the product to be sold to retailers and eventually consumers (Ferguson et al., 
2005).  Straw can be left on the field as organic matter, used as animal bedding, or sold 
(Berglund and Zollinger, 2007).  Therefore, producing flax provides a number of potential 
enterprises to the grower. 
Demand for flax has recently been a function of the discovered health benefits of 
including flaxseed in the diets of humans.  Dietary intake of flaxseed reduces the omega-
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6/omega-3 fatty acid ratio in the cell membrane phospholipids of humans (Morris, 2007).  
Reducing the omega-6/omega-3 ratio in the cell membrane reduces the likelihood of chronic 
disease and inflammatory reactions occurring in humans (Morris, 2007).  Positive health 
implications associated with cholesterol, blood pressure, heart disease, rheumatoid arthritis, 
and immune and cardiovascular system function have been associated with increasing 
omega-3 fatty acid in the diet (Laux and Huntrods, 2009; University of Maryland Medical 
Center, 2009).  Flax is commonly consumed as whole seed as well as in the form of gel caps 
containing the oil of flaxseed (Ferguson et al., 2005).  Flaxseed flour is a healthful additive to 
baked goods (Garden-Robinson, 2001; Anonymous, 2007).  Additionally, the meal resulting 
from processing the oil can be fed to dairy cattle or poultry or used as an additive in pet food 
(Delate et al., 2008; Laux and Huntrods, 2009). 
American Natural Soy, Inc. is a facility located in Cherokee, IA that processes 
organic, food-grade flaxseed into oil for human consumption.  Generally, the oil 
concentration of flaxseed must be at least 41.0% to be deemed food-grade and marketed for 
human consumption (Vakulabharanam, 2008).  This facility established a demand for local 
production of flax, thus, providing an incentive for growers in Iowa (Sayre, 2004).  Organic 
growers in Iowa would market seed directly to American Natural Soy, Inc. (Mark Schuett 
and Paul Mugge, personal communications).  American Natural Soy eventually sells the oil 
to Spectrum Organic Products who then distributes fresh oil and oil products such as gel caps 
to retailers, thus completing the supply chain (Sayre, 2004).  
Costs of and returns to production of flax 
 Costs associated with organic and conventional crop production can vary on an 
annual basis (Duffy, 2009).  The Ag Decision Maker, available on the Iowa State University 
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Extension website, provides access to estimated costs associated with machinery, fuel, N, 
seed, and land in Iowa from the past decade (Iowa State University Extension, 2010).  These 
costs can be compiled based on planting and harvesting activities associated with growing 
flax.  The cost of cleaning harvested flaxseed should also be considered (Mark Schuett, 
personal communication).  In this study, liquid swine manure and composted swine manure 
were used as biological sources (nonmanufactured) of N.  A manufactured synthetic source 
(urea) was used as a comparison to the two biological sources.  Iowa is the state leader in 
terms of swine production in the U.S. (NASS, 2010b) and the manure is accessible to organic 
crop producers in the state.  The analyses that determine the nutrient content of manure and 
compost are also used to derive the value of these substances.  The commercial price of N 
can be applied to the N content of manure or compost to determine the cost of the manure or 
compost to the grower (Kapil Arora and Paul Hill, personal communications).  Because some 
of the N from compost is estimated to be available the year following application, this may 
help to offset the N requirement and associated cost of the succeeding crop in rotation.  The 
market price a grower receives for flax produced can also fluctuate and affect returns 
(Ferguson et al., 2005).  Yearly price data for flaxseed is available from the United Stated 
Department of Agriculture (NASS, 2010a) as well as from local growers and processors in 
Iowa (Paul Mugge and Mark Schuett, personal communications).  Moreover, seed and straw 
yields a grower must achieve to ensure a positive net return will fluctuate among years 
depending on the production cost and market price.   
Objectives 
Most of the research regarding flax production has been conducted in Manitoba, 
Saskatchewan, and North Dakota.  Research addressing production in the Midwest United 
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States, however, is limited.  A primary objective of this study was to evaluate response of 
agronomic components of flax to different sources and rates of N with or without weed 
competition in Iowa.  Because of the prevalence of the production of soybean and corn in 
Iowa, response of flax was evaluated when both soybean and corn preceded the flax.  How 
the source and rate of applied N impacted the relationships between flax and weed density, 
weed biomass, and biomass of red clover were also of primary interest in this study.  Finally, 
the estimated net returns to organic and conventional production of flax based on estimated 
costs in Iowa were calculated.  The costs and returns only addressed the production year of a 
crop rotation pertaining to flax.  Expanding the production of flax into Iowa would 
necessitate the presence of all of the elements of the supply chain.  A grower must consider 
the cost of producing flax while at the same time securing a viable market. 
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CHAPTER 3. Response of flax to source and rate of N is dependent on weed 
competition and previous crop in rotation  
Stefans R. Gailans, Mary H. Wiedenhoeft, Matt Liebman, and Margaret A. Smith 
 
ABSTRACT.  Demand for flax (Linum usitatissimum L.) has increased due to the 
discovered health benefits of adding flaxseed to human diets.  A facility in northwest Iowa 
that processes organic flaxseed for oil provides a viable market for organic growers in the 
Midwest.  Organic growers are particularly concerned about adequate fertility and weed 
management when adding flax to their crop rotations.  Our objective was to evaluate flax 
response to N rate and source as well as to ambient weed competition when following either 
soybean or corn in rotation.  The particular response variables investigated were seed yield, 
straw yield, harvest index, oil concentration of flaxseed, and the linoleic acid and linolenic 
acid concentrations of flaxseed oil.  The experiment was conducted in central Iowa in 2007 
and 2008, on land previously sown to either soybean [Glycine max (L.) Merr.] or corn (Zea 
mays L.).  Red clover (Trifolium pratense L.) was underseeded with flax at time of sowing.  
Nitrogen was applied as composted swine manure, liquid swine manure, or urea.  Each 
source of N was applied at a rate to supply 30, 60, and 90 lb N acre-1.  A control where no N 
was applied (0 lb N acre-1) was also included.  Half of each plot was hand-weeded while 
ambient weed growth was allowed in the other half.  Across both years, competition from 
weeds reduced seed yields by 32% to 96% compared to when weeds were removed.  Weed 
competition reduced straw yield except in 2008 in the field previously sown to corn.  In 
2007, seed and straw yields increased with N rate, when weeds were removed.  Response of 
seed yield was dependent on N source in the field previously sown to corn but not soybean.  
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Response of seed and straw yield to N was reduced when weeds were not removed.  No 
response of seed or straw yield to N was observed in 2008 regardless of weed competition, 
likely a result of late planting due to wet field conditions that year.  The harvest index was 
reduced with increased N in 2007 in the field previously sown to soybean, indicating that N 
increased straw yield disproportionately to seed yield.  Competition from ambient weeds 
reduced oil concentration, linoleic acid concentration, and linolenic acid concentration only 
in the field previously sown to soybean.  Oil concentration of flaxseed was reduced by 0.8% 
when weeds were not removed.  Nitrogen had no effect on oil concentration of flaxseed.  
Linoleic and linolenic acid concentrations of flaxseed oil were reduced with increasing N, 
particularly when weeds were not removed.  Results indicate that sufficient weed 
management is necessary for maximum seed yield of flax.  Sufficient weed management is 
also necessary when maximizing seed quality factors such as oil, linoleic acid, and linolenic 
acid concentrations. 
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Introduction 
Demand for flax increased in the early 2000s owing to the marketing of health 
benefits of including flaxseed in the human diet.  Growers in North Dakota produce 91% of 
the flax produced in the United States (NASS, 2010a), while 70% of the flax produced in 
Canada occurs in Saskatchewan (Ferguson et al., 2005).  Much of the research regarding flax 
production has been conducted in these regions, while research addressing production in the 
midwestern United States is limited.  The opening of an organic oilseed crushing and 
processing facility in northwest Iowa that specializes in flaxseed established a demand for 
local flax production (Sayre, 2004).  The objective of this study was to evaluate response of 
flax to different N sources and rates in the presence or absence of weed competition in Iowa. 
Flax has a growth habit similar to that of small grain species such as spring wheat 
(Triticum aestivum L.) and barley (Hordeum vulgare L.).  In Canada and North Dakota, flax 
should be planted as early as possible in the spring to ensure maximal seed yields (Sheppard 
and Bates, 1988; Berglund and Zollinger, 2007).  Similarly, flax should be planted as early as 
possible in Iowa (Smith and Carlson, 2006; Delate et al., 2008).  Smith and Carlson (2006) 
calculated that seed yield decreased by 34 lb acre-1 day-1 beyond the 1 April target planting 
date in Iowa.  Lafond et al. (2008) observed no reduction in seed yield when planting was 
delayed by two weeks in Saskatchewan.  Oil concentration of flaxseed, however, was 
reduced from 44.9 to 44.5% between the early and late planting dates (Lafond et al., 2008).  
In Canada and North Dakota, flax is grown in rotation with other small grain crops, while 
flax would more likely be grown following corn or soybean in the Midwest. 
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 Recommendations concerning the N requirements of flax are prevalent in North 
Dakota and Canada.  In North Dakota, 40 to 80 lb N acre-1 are suggested based on soil test 
results (Franzen, 2004).  Slightly lower rates, 31 to 71 lb N acre-1, are suggested for Manitoba 
and Saskatchewan in Canada (Flax Council of Canada, 2007).  Seed yield of flax increases 
with increasing N up to recommended application rates based on soil test results and a yield 
goal of 1,770 lb acre-1 in Saskatchewan (Lafond et al., 2008; Malhi et al., 2008).  No seed 
yield response to N applied above recommended rates was observed in either study (Lafond 
et al., 2008; Malhi et al., 2008).  Grant et al. (1999) observed seed yield of flax to increase 
with 9 to 35 lb N acre-1, but not with 70 lb N acre-1 at most site-years in Manitoba.  In other 
instances, seed yield decreased when >9 lb N acre-1 was applied and was attributed to above 
normal soil nitrate (NO3-N) concentration (Grant et al., 1999).  Sheppard and Bates (1988) 
showed seed yield increases with ≤175 lb N acre-1 is reduced when delaying planting 20 d 
after late-April in Ontario.  The authors also reported that N has no effect on seed yield when 
delaying 40 d after late-April.  Straw yield of flax displays a strong positive relationship to 
increased N, thus decreasing the harvest index with increased N (Grant et al., 1999; Malhi et 
al., 2008).  Nuttall and Malhi (1991) observed straw yield of flax continue to increase with N 
rates >20 lb acre-1, while seed yield remained unchanged in Saskatchewan.  The oil 
concentration of flaxseed and linolenic acid concentration of flaxseed oil was reduced by 
0.8% and 0.5%, respectively, with 133% of recommended N in Manitoba and Saskatchewan 
(Lafond et al., 2008).  Dybing (1964) reported even larger reductions in oil concentration and 
linolenic acid concentration with N in South Dakota.  Oil concentration and linolenic acid 
concentration was reduced by 5.2% and 4.6%, respectively, with >35 lb acre-1 N compared to 
with ≤18 lb N acre-1.  Because climatic and soil conditions differ in Iowa from those in North 
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Dakota and Canada, research on the effect of applied N is necessary to make proper 
recommendations for interested growers in Iowa. 
 Sufficient management of weed species is of particular concern for growers of flax 
because weed competition can decrease seed yield, straw yield and oil concentration of flax 
(Bowden and Friesen, 1967; Bell and Nalewaja, 1968; Alessi and Power, 1970; Chow, 1983; 
Friesen, 1986; Friesen, 1988).  Compared to when weeds are removed, weed competition can 
reduce seed yields of flax by 39% to 81% (Bell and Nalewaja, 1968; Alessi and Power, 1970; 
Chow, 1983; Friesen, 1986; Friesen, 1988).  Seed oil concentration of flaxseed can be 
reduced by 2% to 5% when weeds are not controlled (Bell and Nalewaja, 1968; Friesen, 
1986; Friesen, 1988).  Weed competition can reduce the iodine value of oil of flaxseed by 3% 
compared to when weeds are removed (Bell and Nalewaja, 1968; Friesen, 1986; Friesen, 
1988).  Iodine value is strongly correlated to the linolenic acid concentration of flaxseed oil, 
a common indicator of seed quality (Dybing, 1964).  Thus, weed competition reduces the 
quality of flaxseed oil.  Mixtures of grass and broadleaf weed herbicides generally control 
weed species such as wild oat (Avena fatua L.), green foxtail (Setaria viridis L.), redroot 
pigweed (Amaranthus retroflexus L.), and common lambsquarters (Chenopodium album L.).  
Seed yields, when weeds are controlled by these mixtures, do not differ from those when 
weeds are removed by hand in Manitoba (Chow, 1983; Friesen, 1988).  Determining the 
effects of weeds on flax grown in Iowa is important for producers in the state. 
 Nitrogen and weed management options for organic growers of flax differ from those 
commonly employed by conventional growers.  The USDA-National Organic Program 
mandates a 36-month period without manufactured inputs applied to land before the land is 
eligible for organic certification (Kuepper, 2002).  Growing flax after a legume such as 
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soybean, red clover, or alfalfa (Medicago sativa L.) is suggested to meet N requirements 
without applying synthetically manufactured inputs (Smith and Carlson, 2006).  
Alternatively, manure or composted manure is recommended to further meet the N 
requirement (Smith and Carlson, 2006; Delate et al., 2008).  The response of seed yield of 
flax to biological forms of N is not discussed in these reports and requires further elucidation.  
No difference between responses of seed yield to different synthetic N formulations has been 
documented (Malhi et al., 2008).  Weed control in organic production is often best achieved 
through crop rotation, but underseeding a legume is also suggested (Smith and Carlson, 
2006; Delate et al., 2008).  Neither Smith and Carlson (2006) nor Delate et al. (2008) 
reported control of weeds with an underseeding of a legume, however.  Rather, the 
underseeding is valued more for its inherent soil-building qualities and N replacement for the 
succeeding crop (Smith and Carlson, 2006; Delate et al., 2008).  Stute and Posner (1995) 
observed similar yields of corn when only red clover preceded the corn compared to when 
160 lb N acre-1 from a synthetic source were applied to the corn.   
In our study, fresh, liquid manure (manure) and composted manure (compost) from 
swine (Sus scrofa domestica L.) were used as biological sources (nonmanufactured) of N.  
Iowa is the leading producer of swine in the U.S. (NASS, 2010b), and the manure is readily 
available for organic crop producers in the state.  A manufactured synthetic source (urea) was 
also used as a comparison.  An underseeding of red clover was used to mimic weed 
management strategies of organic production.  Because of the use of urea this study was not 
conducted on certified organic land, however, results may be most applicable to land 
transitioning from conventional to organic production.  Because of the prevalence of the 
production of soybean and corn in Iowa, response of flax to N source and rate and weed 
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competition was evaluated in fields previously sown to either soybean or corn.  Any N credit 
associated with soybean was intentionally neglected as the same rates of N from each source 
were applied before sowing of flax regardless of the previous crop.   
Materials and Methods 
Plot background and experimental design 
 The experiment was conducted in 2007 and 2008 at the Iowa State University 
Agronomy and Ag Engineering Farm in Boone County, IA (42.0° N, 93.0° W, elevation 354 
m, (1161 ft)), on a Webster-Nicolet, fine-loamy, mixed, superactive, mesic, Typic Engoquoll 
soil.  The design was a randomized complete block with four replicates of each treatment and 
conducted in two fields: one field previously sown to soybean and one field previously sown 
to corn.  In the prior fall (2006), 87 lb acre-1 of triple super phosphate (0-46-0) and 197 lb 
acre-1 of potash (0-0-61) were applied to the field previously sown to soybean.  To eliminate 
possible phosphorus (P) and potassium (K) effects, 87 lb acre-1 of triple super phosphate and 
197 lb acre-1 of potash were applied to the field previously sown to corn on 17 April 2007.  In 
the fall of 2007, soil samples from the fields to be used in 2008 indicated Bray-1 P was 11 
ppm and 133 ppm K.  On 30 April 2008 (before planting), 108 lb acre-1 of triple super 
phosphate and 83 lb acre-1 of potash were applied to both fields. 
Plot field operations 
 The fields previously sown to corn were field cultivated on 10 April 2007 and 16 
April 2008.  The main plots (7 x 25 feet) received one of the 10 soil amendments.  The soil 
amendments consisted of the three N sources (manure, compost, or urea) applied at the three 
target rates (30, 60 or 90 lb N acre-1) or an unamended control (0 lb N acre-1).  All soil 
amendments were applied to assigned plots in both fields on 16 and 17 April 2007 and 28 
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and 29 April 2008 and incorporated each evening.  Ten percent of the N from the compost 
was assumed plant-available during the growing season (The Composting Council, 1996).  
The nutrient analysis of the compost is shown in Table 1.  Compost application rates are 
shown in Table 2.  All of the N measured in the manure was assumed to be plant-available 
the year of application (Sawyer and Mallarino, 2008).  In 2007, a second analysis revealed 
that plots amended with manure received less N than the target rates.  The necessary amounts 
of additional manure were applied to plots in both fields after flax emergence on 14 May 
2007.  The nutrient analysis of the manure and the application rates are provided in Tables 3 
and 4, respectively.  Manure and compost were applied to plots manually using 4-gallon 
buckets.  Urea (46-0-0) was applied to plots by a hand-pushed fertilizer spreader. 
 ‘York’ flax was drilled in 8-inch rows with a Tye Drill at 50 lb acre-1 accompanied by 
an underseeding of ‘Arlington’ red clover broadcasted at 14 lb acre-1 in both fields on 18 
April 2007 and 1 May 2008.  Fields were cultipacked following seeding.  Each main plot was 
divided into two subplots measuring 7 x 12.5 ft.  Half of the subplots were hand weeded 
throughout the growing season while the remaining subplots were not weeded. 
Data collection 
 Meteorological data was collected from the Iowa Environmental Mesonet (Iowa State 
University Department of Agronomy, 2010).  Growing degree-days (GDD) were calculated 
from the daily heat units accumulated between 1 April and until the first harvest date.  The 
daily heat units accumulated were calculated using base temperature 32 °F and no maximum 
temperature.  The equation used was GDD=(Tmax + Tmin)/2 – Tbase.   
Soil NO3-N was determined before planting by obtaining three, 12-in-deep soil cores 
along the long (25 ft) center axis of each plot on 15 April 2007 and 22 April 2008.  In 
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addition, soil NO3-N was determined when flax flowered by obtaining three, 12-in-deep soil 
cores along the long (12.5 ft) center axis of each subplot from 13 to 20 June 2007 and 27 
June to 2 July 2008.  This same procedure was followed after harvest of flax from 10 to 14 
August 2007 and 21 to 31 August 2008. 
 Four quadrats [9 x 16-in (1 sq ft)] were placed randomly in each subplot.  Flax, red 
clover, and weeds were hand-harvested from these quadrats from 27 July to 3 August 2007 
and 11 to 18 August 2008.  All plant stems were cut at the soil surface with pruning shears.  
After hand-separating the flax, red clover, and weeds, the flax was placed in cotton bags and 
air-dried for 7 d.  Red clover and weeds were placed in separate paper bags, dried for 7 d at 
140 °F, and weighed to determine dry biomass.  After drying, the flaxseed was machine-
threshed using an Almaco Small Bundle Thresher (Almaco, Nevada, IA).  Threshed seed was 
cleaned using a Westrup LA-LS laboratory air-screen cleaner (Hoffman Manufacturing, 
Jefferson, OR).  Cleaned seed was then weighed to determine seed yield per acre.  Percent 
moisture of seed was determined by baking 1 to 2 g samples of seed from each plot for 3 hr 
at 217 °F.  Seed yield is reported on a dry weight basis.  After threshing, straw was dried at 
140 °F for six days and weighed.  Harvest index is reported as a ratio of seed yield to total 
above ground biomass of flax (seed yield + straw yield). 
 Oil concentration of flaxseed was determined by calibrated near infrared spectroscopy 
(NIR) at the Grain Lab in the Department of Food Science at Iowa State University.  Gas 
chromatography (GC) was used to determine the fatty acid profile of the seed oil. Fatty acid 
composition is expressed as the percent by weight of the C16 to C24 saturated fatty acids 
divided by the weight of all fatty acids (Vick et al., 2004).  A whole or half flaxseed was 
placed in a GC autosampler vial and crushed with a thin (end-flattened) glass rod.  A 0.03 to 
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0.05 oz hexane-chloroform-0.5 M sodium methoxide in methanol (75:20:5, v/v) solution was 
added to the vial.  The sample was injected into a Hewlett-Packard 589-gas chromatograph 
containing a DB-23 capillary column (30 m x 0.25 mm, J&W Scientific), which was held at 
374 °F for five min, then increased to 428 °F at 50 °F min-1. The sample was held at 428 °F 
for one min, then increased to 464 °F at 68 °F min-1, and finally held at 464 °F for one and a 
half min. The total run time was 11.5 min.  
Statistical analysis 
 The JMP In statistical program (SAS Institute, Cary, NC) was used to analyze the 
data.  Main effects analyzed in an ANOVA were experimental year (2007 or 2008), previous 
crop in rotation (soybean or corn), presence or absence of weed competition, soil amendment 
(N source and rate), and their interactions.  Polynomial orthogonal contrasts were used to 
determine the individual effects of N source and N rate.  
 Significance was reported at the 0.05 probability level unless otherwise noted.  Visual 
inspection of residual plots determined if a square-root transformation of data was necessary.  
Additionally, data points were determined to be outliers if they fell outside of three standard 
deviations from the mean of the Studentized residuals of a data set.  Outliers were then 
removed before final analysis. 
Results and Discussion 
Meteorological data 
Accumulated precipitation and GDD at the experimental field site during several 
growth stages of flax in 2007 and 2008 are presented in Tables 5 and 6.  Excess rain in April 
in both years delayed planting until after the 1 April target (Table 5).  The amount of 
accumulated precipitation in 2008 is of particular interest as this represents an excessively 
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wet year in Central Iowa (Table 5).  The number of GDD accumulated during periods of the 
2007 and 2008 growing seasons did not vary except for between 1 April and the planting date 
(Table 6).  This is a function of the different planting dates: 18 April 2007 vs. 1 May 2008. 
Seed yield of flax 
 Year x weed competition and year x soil amendment interactions were detected, thus 
the seed yield of flax from each year was analyzed separately.  Because an interaction 
between field (previously sown to soybean or corn) and weed competition was also detected, 
the data pertaining to each field was also analyzed separately.  Mean seed yields observed 
were 686.2 lb acre-1 and 206.5 lb acre-1 between both fields in 2007 and 2008, respectively 
(Table 7).  Unsuitable field conditions resulted in a 13-d delay of planting in 2008 compared 
to 2007.  Seed yield of flax planted in early-May and mid-May did not differ in a study in 
Manitoba and Saskatchewan (Lafond et al., 2008).  Smith and Carlson (2006), however, 
calculated that seed yield decreased by 34 lb acre-1 day-1 when planting was delayed in Iowa.  
In 2008, 259 more GDD had accumulated between 1 April and the date of planting than in 
2007 (Table 6).  Carlson (2008) reported a decrease in seed yield of flax as planting date was 
delayed across the month of April and attributed this to the GDD not accumulated by the flax 
due to late planting.  Sheppard and Bates (1988) also reported a significant reduction in seed 
yield in relation to later planting dates.  Delayed planting resulted in immature plants that 
were more susceptible to water deficits occurring later in the growing season (Sheppard and 
Bates, 1988).  This was not the case in our study as excess moisture conditions occurred in 
both fields in 2008, especially early in the growing season.  It is conceivable that the over-
abundance of moisture in early-2008 contributed to the seed yield reduction.  Watson et al. 
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(1976) reported significant declines in grain yields of small grain species as a result of 
waterlogged soils shortly after planting date.   
Weed competition 
 Seed yield of flax was greater when weed competition was removed.  In 2007, seed 
yields averaged across all N sources were greatest in the field previously sown to soybean 
and weed competition was removed (Table 7).  Weed competition reduced seed yield by 286 
lb acre-1 (32%) when soybean preceded flax and by 217 lb acre-1 (30%) when corn preceded 
flax.  In 2008, seed yields were greatest when weeds were removed in the field previously 
sown to soybean (Table 7).  Competition with weeds reduced mean yields by 190 lb acre-1 
(54%) in this field (Table 7).  In the field previously sown to corn in 2008, weed competition 
did not reduce seed yields (Table 7).  Previous experiments have shown weed competition 
reduced seed yield of flax by 39% (Friesen, 1988), 42% (Alessi and Power, 1970), 44% 
(Friesen, 1986), 50% (Bell and Nalewaja, 1968), and 81% (Chow, 1983). 
Nitrogen source and rate 
 In 2007, N source did not affect seed yield in the field previously sown to soybean 
(Fig. 1) but did in the field previously sown to corn (Fig. 2).  Previous experiments have not 
shown a difference between the responses of seed yield of flax to N source (Lafond et al., 
2003; Malhi et al., 2008).  These researchers, however, only investigated synthetic forms of 
N. 
 In 2007, seed yield increased 3.7 lb acre-1 for each pound of N applied when weeds 
were removed in the field previously sown to soybean (Fig. 1A).  With weed competition, 
however, seed yield was not affected by N rate (Fig. 1B).  Both N source and N rate affected 
seed yield when weeds were not removed (Fig. 2A) or when weeds were removed (Fig. 2B) 
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in the field previously sown to corn.  Flax yielded as much as 1,086 lb acre-1 without weed 
competition and 60 lb N acre-1 was applied as compost (Fig. 2A).  With weeds, greatest 
yields were obtained when 90 lb N acre-1 were applied as urea (Fig. 2B).   
 The increase of seed yield of flax with N rates up to 105 lb N acre-1 is well 
documented (Sheppard and Bates, 1988; Grant et al., 1999; Endres et al., 2001; Lafond et al., 
2003; Malhi et al. 2008; Lafond et al. 2008).  Additionally, all prior studies involved 
chemical weed control.  Weed competition reduces seed yield of flax but also can negate the 
benefit of applied N (Bell and Nalewaja, 1968) as we observed in this study in 2007, when 
seed yield of flax did not respond to N with weed competition in the field previously sown to 
soybean (Fig. 1B).  Seed yield response to N was reduced when weeds were not removed in 
the field previously sown to corn (Fig. 2B).  The linear response to N when weeds were 
removed in the field previously sown to soybean (Fig. 1A) may be due to a deficiency of the 
soil to supply plant available N (Malhi et al., 2008).  Conversely, the quadratic nature of the 
seed yield response in the field previously sown to corn in 2007 (Fig. 2) may suggest that the 
soil provided adequate plant-available N in addition to the applied N (Grant et al., 1999; 
Lafond et al., 2008; Malhi et al., 2008).  However, soil tests conducted before N application 
in 2007 indicated more soil NO3-N in the field previously sown to soybean compared to the 
field previously sown to corn (Table 8).  This quadratic response was most apparent when N 
was applied as compost (Fig. 2).  Similarly, Grant et al. (1999) and Malhi et al. (2008) 
reported the increase of seed yield halted when >30 lb N acre-1 were applied.  We did not 
observe this in the field previously sown to soybean in 2007, however (Fig. 1).  
 In 2008, no significant effect of N source or rate was detected in either field (Figs. 3 
and 4).  Mean seed yield was 353 lb acre-1 when weeds were removed in the field previously 
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sown to soybean (Fig. 3A).  Mean seed yield was 163 lb acre-1 with weeds (Fig. 3B).  The 
mean seed yield observed in the field previously sown to corn was 155 lb acre-1 regardless of 
weed competition (Fig. 4).  Weed competition did not affect seed yield when corn preceded 
flax (Table 7). 
 The lack of seed yield response to N in 2008 is likely not attributable to an adequate 
supply of plant-available N in the soil because seed yields were lower than in 2007 (Table 8).  
Instead, the two-week delay of planting in 2008 relative to 2007 may explain why no effect 
of N was observed that year (Figs. 3 and 4).  Delaying planting by 10 or 20 d after late-April 
results in significant seed yield declines in Ontario (Sheppard and Bates, 1988).  The over-
abundance of soil moisture in 2008 also may have contributed to N having no effect on seed 
yield.  Excess moisture can cause anoxia and toxicity of Fe and Mn, which reduces grain 
yields (Davies and Hillman, 1988).  However, Watson et al. (1976) and Rasmussen and 
Rohde (1991) have shown that increasing the rate of applied N can compensate for excess 
precipitation in some small grain species.  This was not observed in this study as seed yield 
of flax failed to respond to N under the moist conditions of 2008. 
Straw yield of flax 
 Year x field x weed competition, year x field, year x soil amendment, and field x 
weed competition interactions were detected.  Hence, the straw yield of flax from each year 
and each field were analyzed separately.  Similar to seed yields, mean straw yields were 
greater in 2007 than 2008 (Table 9).  The excess soil moisture conditions early in the 2008 
growing season likely are responsible for the lower straw yields.  Stalk yields of wheat 
(Davies and Hillman, 1988) and maize (Bennicelli et al., 1998) are negatively affected by 
flooding conditions.  Bennicelli et al. (1998) attributed decreased biomass of maize to 
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increased stomatal resistance and the subsequent impairment of plant biochemical defenses 
to anoxic conditions under prolonged periods of excess moisture. 
Weed competition 
 An effect of weed competition was observed in both years except in the field 
previously sown to corn in 2008.  In 2007, straw yields averaged across all N sources were 
greatest when weeds were removed in the field previously sown to soybean (Table 9).  Weed 
competition reduced straw yield on average by 534 lb acre-1, in the field previously sown to 
soybean and by 293 lb acre-1, in the field previously sown to corn.  In 2008, mean straw 
yields were greatest when weeds were removed in the field previously sown to soybean 
(Table 9).  Weed competition reduced straw yields on average by 743 lb acre-1 in the field 
previously sown to soybean and by 29 lb acre-1 in the field previously sown to corn.  Bell and 
Nalewaja (1968) also reported straw yield of flax declines with weed competition. 
Nitrogen source and rate 
 In 2007, N source affected straw yield of flax when weeds were removed in the field 
previously sown to soybean (Fig. 5A).  Nitrogen source did not affect straw yield when 
weeds were not removed in the field previously sown to soybean (Fig. 5B).  In the field 
previously sown to corn, N source affected straw yield regardless of weed competition (Fig. 
6).  Malhi et al. (2008) failed to show any difference in the response of straw yield to 
different sources of synthetic N.  We observed greatest straw yields when N was applied as 
compost (Figs. 5A and 6).  
 In 2007, in the field previously sown to soybean, and when weeds were removed, 
straw yields increased 7.7 lb acre-1, 11.2 lb acre-1, and 9.1 lb acre-1 for each pound of N 
applied as manure, compost, and urea, respectively (Fig. 5A).  For every pound of N applied, 
37 
 
150 
straw yield increased 7.0 lb acre-1 when weeds were not removed in the field previously sown 
to soybean (Fig. 5B).  In the field previously sown to corn, and when weeds were removed, 
straw yielded as much as 2,359 lb acre-1 when 60 lb N acre-1 were applied as compost (Fig. 
6A).  In the field previously sown to corn, and when weeds were not removed, straw yielded 
as much as 1,808 lb acre-1 when 90 lb N acre-1 was applied as compost (Fig. 6B).  As with 
seed yield, straw yield responded in a quadratic fashion to increased N in the field previously 
sown to corn (Fig. 6).  This suggests that a critical maximum of N was either reached or 
approached in regards to flax straw yield. 
 Straw yield of flax increases with up to 90 lb N acre-1 (Nuttall and Malhi, 1991; Grant 
et al., 1999).  Malhi et al. (2008) ascribed a linear response of straw yield to applied N when 
availability of N from the soil was low, but a quadratic response to applied N when adequate 
N was available from the soil.  In the latter, the effect of N on straw yield ceased when <60 lb 
N acre-1 were applied (Malhi et al., 2008).  We observed a linear response of straw yield to N 
in the field previously sown to soybean, while a quadratic response was observed in the field 
previously sown to corn.  Soil NO3-N in the field previously sown to soybean was greater 
than that in the field previously sown to corn (Table 8). 
 In 2008, neither N source nor rate affected straw yield of flax (Figs. 7 and 8).  Straw 
yield averaged 1,979 lb acre-1 when weeds were removed in the field previously sown to 
soybean (Fig. 7A).  Straw yield was reduced to 1,211 lb acre-1 when weed competition was 
not removed (Fig. 7B).  The mean straw yield observed in the field previously sown to corn 
in 2008 was 659 lb acre-1 regardless of weed competition (Fig. 8).  The late planting date and 
the excess moisture conditions in 2008 likely accounted for the lower straw yields (Davies 
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and Hillman, 1988; Bennicelli et al., 1998).  This likely contributed to the lack of response to 
N source or rate. 
Harvest index 
 A year x field interaction was detected, therefore the harvest index from each year 
and each field was analyzed separately.  Mean harvest indices were greater in 2007 than 2008 
(Table 10). 
Weed competition 
 Weed competition did not affect harvest index in the fields previously sown to 
soybean in 2007 and corn in both years (Table 10).  Weed competition affected harvest index 
only in the field previously sown to soybean in 2008 (Table 10). 
Nitrogen source and rate 
 Harvest index decreased in response to increased N as compost and, to a lesser extent, 
urea, in the field previously sown to soybean in 2007 (Fig. 9).  Grant et al. (1999) and 
Franzen (2004) reported straw yield of flax increases relative to seed yield as N is increased.  
Grant et al. (1999) suggested that increased vegetative yield negatively influences final seed 
yield due to stalk lodging.  Furthermore, increased vegetative yield results in a low flowering 
rate of flax (Dybing and Grady, 1994).  The subsequent low seed set relative to vegetative 
yield could contribute to a lower harvest index. 
 In 2007, in the field previously sown to corn, harvest index was not affected by N 
source or rate regardless of weed competition (Fig. 10).  Both seed (Fig. 2) and straw (Fig. 6) 
yields increased relative to one another with N in this case.  In 2008, neither N source nor 
rate affected harvest index (Figs. 11 and 12).  This reflects N source and rate not affecting 
seed (Figs. 3 and 4) or straw (Figs. 7 and 8) yields of flax in 2008. 
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Oil concentration of flaxseed 
 Statistical analysis was only performed on oil concentration data from 2007.  Not 
enough flaxseed was available for the analysis in 2008.  An effect of field was detected.  
Mean oil concentration values were greater in the field previously sown to corn compared to 
soybean (Table 7).  The mean oil concentrations observed exceeded the standard required for 
food-grade flaxseed: 41.0% (Vakulabharanam, 2008). 
Weed competition 
 Oil concentration of flaxseed was reduced by 0.01% when weeds were not removed 
compared to when weeds were removed in the field previously sown to soybean (Table 11).  
Previous experiments also report oil concentration of flaxseed declines due to weed 
competition (Bell and Nalewaja, 1968; Friesen, 1986; Friesen, 1988).  Bell and Nalewaja 
(1968) reported oil concentration declined by 5.25% due to weeds.  Carlson (2008), however, 
did not report oil concentration reductions due to weed competition. 
Nitrogen source and rate 
 Mean oil concentration of flaxseed was 44.2% in the field previously sown to 
soybean (Fig. 13) and 44.8% in the field previously sown to corn (Fig. 14).  Nitrogen did not 
affect oil concentration.  Lafond et al. (2008) reported no difference in oil concentration of 
flaxseed when 60 to 90 lb N acre-1 were applied.  Oil concentration of flaxseed declines only 
when N is applied beyond recommended rates based on region and soil condition. (Dybing, 
1964; Freer and Sansome, 1991; Lafond et al., 2008).  Bell and Nalewaja (1968) found 
declines in oil concentration of flaxseed with N is exacerbated with weed competition.  We 
did not observe this, however.  
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Linoleic acid concentration of flaxseed oil 
 Linoleic acid concentration of flaxseed oil is reported by year and field.  This was due 
to year x field x weed competition, year x field x soil amendment, year x field, year x soil 
amendment, field x weed competition, and soil amendment x weed competition interactions.  
Mean linoleic acid concentration values were greater in 2007 than in 2008 (Table 12). 
Weed competition 
 In 2007, weed competition did not affect the linoleic acid concentration of flaxseed 
oil regardless of field (Table 12).  In 2008, weed competition affected linoleic acid 
concentration in the field previously sown to soybean but not corn (Table 12). 
Nitrogen source and rate 
 In 2007, linoleic acid concentration decreased in a linear fashion with increased N in 
the field previously sown to soybean regardless of N source (Fig. 15).  In the field previously 
sown to corn, and when weeds were removed, linoleic acid concentration decreased in 
quadratic fashion with increased N for each source (Fig. 16A).  In the field previously sown 
to corn, and when weeds were not removed, increased N resulted in decreased linoleic acid 
concentration (Fig. 16B).  This response was linear for each N source. 
 In 2008, mean linoleic acid concentration of flaxseed oil was 13.0% when weeds 
were removed in the field previously sown to soybean (Fig. 17A).  Linoleic acid 
concentration was not affected by N source or rate.  Linoleic acid concentration declined 
with increased N when weeds were not removed.  The response was linear when N was 
applied as manure (Fig. 17B) and was quadratic when N was applied as compost or urea (Fig. 
17B).  Mean linoleic acid concentration of flaxseed oil was 13.5% in the field previously 
sown to corn regardless of weed competition (Fig. 18). 
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 Dybing (1964) reported linoleic acid concentration of flaxseed oil decreases with 
increasing N.  In both years of this study, the steepest decrease of linoleic acid concentration 
of flaxseed oil occurred when N was applied as compost.  Lafond et al. (2003), however, 
detected no difference between the responses of linoleic acid concentration to different 
synthetic N sources.  Furthermore, it is interesting that the strongest negative response to 
increased N occurred in the field previously sown to corn and when weed competition was 
not removed.  When weeds are removed, more N should be available to flax and the negative 
effect of N on linoleic acid concentration that Dybing (1964) observed should be more 
pronounced.  We observed the most pronounced response to N occurred when weed 
competition was not removed. 
Linolenic acid concentration of flaxseed oil 
 Linolenic acid concentration is reported by year and field.  This was due to year x 
field x soil amendment, year x field x weed competition, field x soil amendment x weed 
competition, year x field, year x soil amendment, year x weed competition, field x weed 
competition, and soil amendment x weed competition interactions.  Mean linolenic acid 
concentration was greater in 2008 than 2007 (Table 13). 
Weed competition 
 In 2007, the linolenic acid concentration of flaxseed oil decreased when weeds were 
not removed in both fields (Table 13).  Weed competition reduces the iodine value of 
flaxseed (Bell and Nalewaja, 1968; Friesen, 1986; Friesen, 1988).  Furthermore, a strong 
correlation between iodine value and the linolenic acid concentration of flaxseed has been 
reported (Dybing, 1964).  Therefore, as iodine value decreases, linolenic acid concentration 
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also decreases.  In 2008, however, weed competition did not affect the linolenic acid 
concentration of flaxseed oil (Table 13). 
Nitrogen source and rate 
 In 2007, linolenic acid concentration of flaxseed oil decreased with increasing N (Fig. 
19).  The response was negative and linear across all N sources (Fig. 19).  The steepest 
declines occurred when N was applied as either compost or urea (Fig. 19).  When weeds 
were removed in the field previously sown to corn, the linolenic acid concentration of 
flaxseed oil decreased with increasing N (Fig. 20A).  The response was linear when N was 
applied as compost.  The response was quadratic when N was applied as either manure or 
urea.  Linolenic acid concentration decreased in quadratic fashion with increasing N when 
weeds were not removed (Fig. 20B).  Regardless of the field, the steepest negative response 
of the linolenic acid concentration occurred when N was applied as compost.  
 In 2008, the mean linolenic acid concentration of flaxseed oil was 52.3% when weeds 
were removed in the field previously sown to soybean (Fig. 21A).  Linolenic acid 
concentration was not affected by N source or rate when weeds were removed in the field 
previously sown to soybean (Fig. 21A).  Nitrogen reduced linolenic acid concentration when 
weeds were not removed in the field previously sown to soybean (Fig. 21B).  The greatest 
decline in linolenic acid concentration occurred when N was applied as urea.  The mean 
linolenic acid concentration was 52.9% when weeds were removed in the field previously 
sown to corn (Fig. 22A).  Linolenic acid concentration was not affected by N source or rate 
when weeds were removed in the field previously sown to corn (Fig. 22A).  Linolenic acid 
concentration decreased with increasing N when weeds were not removed in the field 
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previously sown to corn (Fig. 22B).  As in 2007, weed competition seemed to enhance the 
negative effect of N on linolenic acid concentration of flaxseed oil. 
 Lafond et al. (2003) reported no differential influence of N source on the response of 
linolenic acid concentration of flaxseed oil.  However, we observed N source differentially 
affected linolenic acid concentration in both fields regardless of weed competition in 2007 
and in the field previously sown to soybean when weeds were not removed 2008.  Others 
have shown linolenic acid concentration decreases with increasing N (Dybing, 1964; Lafond 
et al., 2008).  We observed this response regardless of field and weed competition in 2007 
and regardless of field but only with weed competition in 2008. 
Conclusion 
 Mean seed and straw yield was greater in the field previously sown to soybean 
compared to corn.  Weed competition reduced seed and straw yield.  Weed competition 
reduced the response of seed and straw yield to N in 2007.  Oil concentration of flaxseed was 
greater in the field previously sown to corn.  Furthermore, neither N rate nor source 
influenced oil concentration of flaxseed.  Mean oil concentration was never lower than 
44.0%.  Price premiums can be obtained for food-grade flaxseed that meets the oil 
concentration industry standard of 41.0% (Vakulabharanam, 2008).  Thus, N can effectively 
increase seed and straw yield without adversely affecting the food-grade status of flaxseed 
based on data from 2007.  Nitrogen reduced linoleic and linolenic acid concentrations of 
flaxseed oil when weeds were not removed. 
Seed yield, straw yield, and harvest index of flax was greater in 2007 than 2008.  
Neither seed nor straw yield responded to N in 2008 regardless of weed competition.  This 
was most likely a result of the later planting and excess moisture conditions of 2008.  Just as 
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Lafond et al. (2008) concluded, a grower could cut production costs by refraining from 
applying N if a late planting is anticipated. 
 The application of N as compost elicited the greatest responses of seed yield, straw 
yield, harvest index, linoleic acid concentration, and linolenic acid concentration of flax.  
This was true of the positive responses to N observed with respect to seed and straw yield.  
This was also true of the negative responses to N observed with respect to harvest index and 
linoleic and linolenic acid concentration of flaxseed oil.  More N in the compost was possibly 
mineralized, and thus made plant-available, compared to what was initially predicted.  
Because most of the response variables studied were sensitive to N, this additional, plant-
available N could account for these larger responses. 
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Table 1. Nutrient analysis of composted swine manure in 2007 and 
2008. 
Year  Total N Total C Moisture 
 ------------------------- % ------------------------- 
2007 2.2 18.5 30.8 
2008 2.2 34.1 77.0 
 
 
Table 2. Amount of composted manure applied to meet target N rates 
based on total N and assuming 10% rate of availability in 2007 and 
2008. 
  Target N rate (lb acre-1) 
Year  30 60 90 
 ---------------------- lb acre-1 ---------------------- 
2007 13,762 27,523 41,284 
2008 24,359 48,716 73,073 
 
Table 3. Nutrient analysis of liquid swine manure in 
2007 and 2008. 
Year Total N Moisture 
  lb 1000 gal-1 % 
2007a 28 98 
2007b 51 90 
2008 26 96 
aInitial liquid manure applied to assigned plots 
bAdditional liquid manure applied to meet target N rates 
 
Table 4. Amount of liquid swine manure applied to meet target N rates 
based on N content of 1000 gallons of manure and assuming 100% 
availability. 
  Target N rate (lb acre-1) 
Year 30 60 90 
 -------------------- gal acre
-1 -------------------- 
2007a    815 1,628 2,443 
2007b    209    418    625 
2008 1,150 2,300 3,450 
aInitial liquid manure applied to assigned plots  
bAdditional liquid manure applied to meet target N rates 
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Table 5. Accumulated precipitation during selected time periods in 
2007 and 2008.  The 30-year average of accumulated precipitation 
between 1 April and 1 August is also displayed. 
   
Accumulated precipitation 
(inches) 
Time period  2007  2008  
30-year 
average 
1 April - planting date 2.25  6.63   
Planting date - flowering date 11.57  20.79   
Flowering date - harvest date 8.18  12.36   
Planting date - harvest date 15.89  30.67   
1 April - 1 August  18.18   36.78   18.65 
 
 
 
Table 6. Accumulated growing degree-days during selected 
time periods of 2007 and 2008. 
   
Accumulated growing 
degree-days 
Time period  2007  2008 
1 April - planting date 176  435 
Planting date - flowering date 1,777  1,739 
Flowering date - harvest date 1,956  1,988 
Planting date - harvest date 3,692  3,691 
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Table 7. Seed yield when weeds were removed or not removed in field 
previously sown to soybean or corn. 
    
Seed yield 
(lb acre-1)   
Field—previous crop   2007   2008 
Soybean   
weeds removed      899 a1    353 a 
weeds not removed    613 b    163 b 
LSD (0.05)  124   61 
Corn     
weeds removed    725 a    162 a 
weeds not removed     148 a 
LSD (0.05)   95    42 
Mean   686  207 
1By year and field, means with the same letter are not significantly different. (p = 0.05). 
 
 
Table 8. Soil NO3-N in field previously sown to either soybean or corn 
before N application. Results of analyses conducted on soil samples 
collected on 15 April 2007 and 16 and 22 April 2008. 
  Soil NO3-N (ppm) 
Field—previous crop 2007   2008 
Soybean    3.62a1    5.70a 
Corn    2.96b    2.76b 
LSD (0.05)  0.24  0.35 
1 By year, means with the same letter are not significantly different. (p = 0.05). 
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Table 9. Straw yield when weeds were removed or not removed in field 
previously sown to soybean or corn. 
    
Straw yield 
(lb acre-1)   
Field—previous crop   2007   2008 
Soybean     
weeds removed     2,085 a1      1,980 a 
weeds not removed     1,551 b      1,237 b 
LSD (0.05)     242      306 
Corn     
weeds removed    1,480 a        688 a 
weeds not removed     1,187 b        660 a 
LSD (0.05)      217      162 
Mean 1,600   1,160 
1By year and field, means with the same letter are not significantly different. (p = 0.05).  
 
 
 
Table 10. Harvest index when weeds were removed or not removed in field 
previously sown to soybean or corn. 
  
Harvest Index 
[lb seed / (lb seed + lb straw)] 
Field—previous crop   2007   2008 
Soybean     
weeds removed     0.30 a1    0.15 a 
weeds not removed      0.28 a    0.11 b 
LSD (0.05)  0.02  0.02 
Corn     
weeds removed   0.33 a     0.21 a 
weeds not removed    0.31 a     0.19 a 
LSD (0.05)   0.02   0.05 
Mean 0.31   0.17 
1By year and field, means with the same letter are not significantly different. (p = 0.05).  
 
52 
 
150 
 
Table 11. Oil concentration of flaxseed when 
weeds were removed or not removed in field 
previously sown to soybean or corn in 2007. 
Field—previous crop Oil concentration 
  % 
Soybean   
weeds removed      44.3 a1 
weeds not removed     44.0 b 
LSD (0.05)    0.3 
Corn   
weeds removed    44.9 a 
weeds not removed    44.7 a 
LSD (0.05)    0.3 
Mean 44.5 
1By field, means with the same letter are not significantly 
different. (p = 0.05).  
 
 
 
Table 12. Linoleic acid concentration of flaxseed oil when weeds were removed 
or not removed in field previously sown to soybean or corn. 
  Linoleic acid concentration (%) 
Field—previous crop   2007   2008 
Soybean     
weeds removed     14.4 a1    13.0 a 
weeds not removed     14.4 a     12.6 b 
LSD (0.05)    0.1    0.2 
Corn     
weeds removed    14.6 a     13.5 a 
weeds not removed     14.5 a     13.5 a 
LSD (0.05)     0.2     0.2 
Mean  14.5  13.1 
1By year and field, means with the same letter are not significantly different. (p = 0.05).  
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Table 13. Linolenic acid concentration of flaxseed oil when weeds were removed 
or not removed in field previously sown to soybean or corn. 
  Linolenic acid concentration (%) 
Field—previous crop   2007   2008 
Soybean     
weeds removed     50.3 a1     52.1 a 
weeds not removed     49.6 b     48.8 b 
LSD (0.05)    0.6    1.1 
Corn     
weeds removed    50.9 a     52.9 a 
weeds not removed     50.9 a     52.8 a 
LSD (0.05)     0.6     0.4 
Mean 50.4  51.7 
1By year and field, means with the same letter are not significantly different. (p = 0.05).  
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Figure 1. Response of seed yield of flax to N in field previously sown to soybean when 
weeds were removed (A) and when weeds were not removed (B) in 2007. Mean-fit yield 
response is fit across each N source when weeds were removed (A). The overall mean is 
reported when weeds were not removed as no effect of N was detected (B). 
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Figure 2. Response of seed yield of flax to N in field previously sown to corn when weeds 
were removed (A) and when weeds were not removed (B) in 2007. In both cases (A and B), 
an effect of N source and rate on seed yield of flax was detected. Mean-fit yield responses are 
displayed for each N source. 
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Figure 3. Response of seed yield of flax to N in field previously sown to soybean when 
weeds were not removed (A) and weeds were removed (B) in 2008. The overall mean is 
reported in both cases as no effect of N was detected (A and B).  
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Figure 4. Response of seed yield of flax to N in field previously sown to corn in 2008. The 
overall mean is reported as no effect of N was detected. 
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Figure 5. Response of straw yield of flax to N in field previously sown to soybean when 
weeds were removed (A) and when weeds were not removed (B) in 2007. When weeds were 
removed (A) an effect of N source and rate was detected. Mean-fit yield responses are 
displayed for each N source. When weeds were not removed (B) an effect of N rate was 
detected but not of source. Mean-fit yield response is fit across each N source. 
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Figure 6. Response of straw yield of flax to N in field previously sown to corn when weeds 
were removed (A) and when weeds were not removed (B) in 2007. In both cases (A and B) 
an effect of N source and rate was detected. Mean-fit yield responses are displayed for each 
N source. 
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Figure 7. Response of straw yield of flax to N in field previously sown to soybean when 
weeds were removed (A) and when weeds were not removed (B) in 2008. The overall mean 
is reported in both cases as no effect of N was detected (A and B). 
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Figure 8. Response of straw yield of flax to N in field previously sown to corn in 2008. The 
overall mean is reported as no effect of N detected. 
 
 
Figure 9. Response of harvest index of flax to N in field previously sown to soybean in 2007. 
An effect of N source and rate was detected. Mean-fit yield response is fit for each N source. 
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Figure 10. Response of harvest index of flax to N in field previously sown to corn in 2007. 
The overall mean is reported as no effect of N was detected. 
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Figure 11. Response of harvest index to N when flax followed soybean without weeds (A) 
and with weeds (B) in 2008. The overall mean is reported in both situations as no effect of N 
was detected (A and B). 
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Figure 12. Response of harvest index of flax to N in field previously sown to corn in 2008. 
The overall mean is reported as no effect of N was detected. 
 
 
Figure 13. Response of oil concentration of flaxseed to N in field previously sown to soybean 
in 2007. The overall mean is reported as no effect of N was detected. 
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Figure 14. Response of oil concentration of flaxseed to N in field previously sown to corn in 
2007. The overall mean is reported as no effect of N was detected. 
 
 
Figure 15. Response of linoleic acid concentration of flaxseed oil to N in field previously 
sown to soybean in 2007. An effect of N source and rate was detected. Mean-fit yield 
response is fit for each N source. 
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Figure 16. Response of linoleic acid concentration of flaxseed oil to N in field previously 
sown to corn when weeds were removed (A) and when weeds were not removed (B) in 2007. 
In both cases (A and B) an effect of N source and rate was detected. Mean-fit yield responses 
are displayed for each N source. 
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Figure 17. Response of linoleic acid concentration of flaxseed oil to N in field previously 
sown to soybean when weeds were removed (A) and when weeds were not removed (B) in 
2008. The overall mean is reported when weeds were removed as no effect of N source and 
rate was detected (A). When weeds were not removed (B) an effect of N source and rate was 
detected. Mean-fit yield response is fit for each N source. 
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Figure 18. Response of linoleic acid concentration of flaxseed oil to N in field previously 
sown to corn in 2008. The overall mean is reported as no effect of N was detected. 
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Figure 19. Response of linolenic acid concentration of flaxseed oil to N in field previously 
sown to soybean in 2007. An effect of N source and rate was detected. Mean-fit yield 
response is fit for each N source. 
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Figure 20. Response of linolenic acid concentration of flaxseed oil to N in field previously 
sown to corn when weeds were removed (A) and when weeds were not removed (B) in 2007. 
In both cases (A and B) an effect of N source and rate was detected. Mean-fit yield responses 
are displayed for each N source. 
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Figure 21. Response of linolenic acid concentration of flaxseed oil to N in field previously 
sown to soybean when weeds were removed (A) and when weeds were not removed (B) in 
2008. The overall mean is reported when weeds were removed as no effect of N detected (A). 
When weeds were not removed (B) an effect of N source and rate was detected. Mean-fit 
yield response is fit for each N source. 
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Figure 22. Response of linolenic acid concentration of flaxseed oil to N in field previously 
sown to corn when weeds were not removed (A) and when weeds were removed (B) in 2008. 
The overall mean is reported when weeds were removed as no effect of N was detected (A). 
When weeds were not removed (B) an effect of N rate but not source was detected. Mean-fit 
yield response is fit across each N source. 
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CHAPTER 4. Differential response of seed and straw yield of flax and oil concentration 
of flaxseed to ambient weeds and underseeded red clover  
Stefans R. Gailans, Mary H. Wiedenhoeft, Matt Liebman, and Margaret A. Smith 
 
ABSTRACT.  The location of an oilseed processing facility in northwest Iowa provides a 
viable market for organic flaxseed (Linum usitatissimum L.) in the Midwest.  Flax is 
susceptible to weed competition due to its poor inherent competitive abilities.  Understanding 
the relationship between flax and competitive plants is of great importance to organic 
growers.  The objective of the study was to evaluate the relationship between seed yield, 
straw yield, or oil concentration of flaxseed and competitive plant species.  The experiment 
was conducted in central Iowa in 2007 and 2008 on land previously sown to either soybean 
[Glycine max (L.) Merr.] or corn (Zea mays L.).  Nitrogen N was applied as composted swine 
manure, liquid swine manure, or urea.  Each source of N was applied at a rate to supply 30, 
60, and 90 lb N acre-1.  A control where no N was applied (0 lb N acre-1) was also included.  
Red clover (Trifolium pratense L.) was underseeded with flax at time of sowing.  Half of 
each plot was hand-weeded while ambient weed growth was allowed in the other half.  Red 
clover was never removed from plots.  Biomass of red clover was the best indicator of seed 
yield of flax, particularly when soybean preceded flax (R2 = 0.71).  Ambient weed biomass 
was a better indicator of seed yield than ambient weed density.  The goodness-of-ft of the 
relationship between seed yield of flax and ambient weed biomass was greatest when 90 lb N 
acre-1 were applied (R2 = 0.45).  The goodness-of-fit of the relationship between seed yield 
and weed biomass was greatest when N was applied as manure (R2 = 0.41).  Straw yield of 
flax displayed a better-fit relationship to ambient weed biomass or density compared to red 
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clover.  Oil concentration of flaxseed was not affected by competition from weeds or red 
clover.  Results indicate that source and rate of N can impact the effect of competition on the 
seed and straw yields of flax.  Underseeding red clover as a weed management tool may need 
to be reconsidered due to its negative impacts on seed yield of flax. 
Introduction 
Demand for flax increased in the early 2000s primarily because of the discovered 
health benefits of including flaxseed in the human diet.  Ninety-one percent of the flax 
produced in the United States is grown in North Dakota (NASS, 2010a), while 70% of the 
flax produced in Canada occurs in Saskatchewan (Ferguson et al., 2005).  Much of the 
research regarding flax production has been conducted in these regions.  Research addressing 
production in the midwestern United States, however, is limited.  Furthermore, the opening 
of an organic oilseed crushing and processing facility in northwest Iowa that specializes in 
flaxseed established a demand for local flax production (Sayre, 2004).  The objective of this 
study was to evaluate the relationships between flax and ambient weed density, flax and 
ambient weed biomass, and flax and biomass of underseeded red clover. 
Understanding how weeds impact seed yield of flax is of great importance to growers.  
Due to its small leaves and inability to produce a closed crop canopy, flax is a poor 
competitor with weeds (Berglund and Zollinger, 2007).  Uncontrolled weed competition 
reduces seed yield of flax by 39% to 81% compared to when weeds are removed in North 
Dakota (Bell and Nalewaja, 1968; Alessi and Power, 1970) and Manitoba (Chow, 1983; 
Friesen, 1986; Friesen, 1988).  Oil concentration of flaxseed is reduced by 2% to 5% when 
weeds are not controlled (Bell and Nalewaja, 1968; Friesen, 1986; Friesen, 1988). 
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Determining the effects of weeds on flax grown in Iowa is important for producers in the 
state.   
Weed management options for organic growers of flax differ from those commonly 
employed by conventional growers.  The USDA-National Organic Program mandates a 36-
month period without manufactured inputs applied to land before it is eligible for organic 
certification (Kuepper, 2002).  Growers need to adhere to these standards to maintain 
certification as well.  Weed control in organic production is often best achieved through crop 
rotation, but an underseeding of a forage legume is also suggested (Smith and Carlson, 2006; 
Delate et al., 2008).  Neither Smith and Carlson (2006) or Delate et al. (2008) reported 
control of weeds with a legume underseeding, however. Stute and Posner (1995) observed 
similar yields of corn when red clover preceded the corn compared to when 160 lb N acre-1 
from a synthetic source were applied to the corn.  Therefore, the underseeding of red clover 
is valued more for its inherent soil-building qualities and N replacement for the succeeding 
crop than its competitiveness with weeds. 
Others have described the negative relationship between seed yield of flax and weed 
density (plant ft-2) in Manitoba (Bowden and Friesen 1967; Friesen et al., 1992) and North 
Dakota (Bell and Nalewaja, 1968; Guenhagen and Nalewaja, 1969).  Bowden and Friesen 
(1967) and Bell and Nalewaja (1968) observed seed yield of flax decrease as density of wild 
oat (Avena fatua L.) increased from 0 to 20 plant ft-2.  Regression analysis performed on 
these data reported negative relationships between seed yield of flax and density of wild oat 
(R2 = 0.97 to 0.99).  Gruenhagen and Nalewaja (1969) observed reductions of seed yield of 
flax as density of wild buckwheat (Polygonum convolvulus L.) increased from 0 to 20 plant 
ft-2 (R2 = 0.90).  The largest seed yield decreases observed by these researchers occurred 
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when weed density was increased from 0 to 5 plant ft-2.  When weed density was increased 
from 0 to 5 plant ft-2, seed yield of flax was reduced by 250 lb acre-1 (Bowden and Friesen, 
1967), 380 lb acre-1 (Bell and Nalewaja, 1968), and 250 lb acre-1 (Gruenhagen and Nalewaja, 
1969).  Friesen et al. (1992) determined that seed yield of flax decreases by 27 lb acre-1 for 
each additional competing round-leaved mallow (Malva pusilla Sm.) plant ft-2.   
Nitrogen can alter the relationship between seed yield of flax and weed density.  Bell 
and Nalewaja (1968) and Gruenhagen and Nalewaja (1969) observed N exacerbated the 
reduction in seed yield of flax from increasing weed density compared to when no N was 
applied.  Gruenhagen and Nalewaja (1969) observed a better-fit relationship between seed 
yield and density of wild buckwheat when 50 lb N acre-1 were applied (R2 = 0.89) compared 
to when no N was applied (R2 = 0.62).  The relationship between seed yield of flax and 
density of wild oat was nearly identical, however, in the fertilized (R2 = 0.96) and 
unfertilized (R2 = 0.95) situations observed by Bell and Nalewaja (1968).   
Weed competition can also significantly decrease vegetative yield of flax 
(Gruenhagen and Nalewaja, 1969) and seed oil concentration of flaxseed (Bell and Nalewaja, 
1968).  Gruenhagen and Nalewaja (1969) grew a flax plant in the same 5-in pot as a single 
wild buckwheat plant in a growth chamber.  The mature dry weight of flax was reduced by 
52% compared to when wild buckwheat was not grown in the same pot as flax (Gruenhagen 
and Nalewaja, 1969).  Adding the equivalent of 20 lb N acre-1 to the pot did not alter the 
competitive effect of wild buckwheat on flax (Guenhagen and Nalewaja, 1969).  Indeed, 
competition from weeds would reduce straw yield of flax by reducing dry weight of mature 
flax.  Bell and Nalewaja (1968) detected a negative linear relationship between oil 
concentration of flaxseed and the density of wild oat when density was increased from 0 to 
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10 plant ft-2.  Goodness-of-fit of this relationship was greater when 30 lb N acre-1 were 
applied (R2 = 0.96) compared to when no N was applied (R2 = 0.64) (Bell and Nalewaja, 
1968).   
It is important to note that these previous researchers mentioned (Bowden and 
Friesen, 1967; Bell and Nalewaja, 1968; Guenhagen and Nalewaja, 1969) studied the 
relationship between flax and a single weed species.  Weed density was also controlled and 
did not exceed 20 plant-2.  Without question, weed density resulting from uncontrolled, 
ambient growth in the field would exceed 20 plant-2.  Relationships between flax and ambient 
weed biomass and between flax and ambient weed density have not been investigated.  Thus, 
the relationship between seed yield, straw yield, and oil concentration of flax and ambient 
weed density was determined in this study.  Additionally, the relationship between flax and 
ambient weed biomass was investigated.  An underseeding of red clover was used in this 
study to mimic weed management strategies of organic production.  The purpose of the red 
clover is to out-compete weeds that would also compete with flax and to also improve soil 
quality.  Naturally, the underseeded red clover also competes with flax.  Because the 
underseeding of red clover is common practice among organic growers, understanding the 
relationship between the underseeding with flax is as important as understanding the 
relationship with weeds. 
Because of the prevalence of the production of soybean and corn in Iowa, these 
relationships were evaluated when both soybean and corn preceded flax.  Iowa is the leading 
producer of swine (Sus scrofa domestica L.) in the U.S. (NASS, 2010b) and the manure is 
available for organic crop producers in the state.  Thus, both fresh, liquid swine manure 
(manure) and composted swine manure (compost) were employed as biological sources 
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(nonmanufactured) of N in this study.  A manufactured synthetic source (urea) was also used 
as comparison.  How the source and rate of applied N impacted the relationships between 
flax and weed density, weed biomass, and biomass of red clover were of primary interest in 
this study. 
Materials and Methods 
Plot background and experimental design 
 The experiment was conducted in 2007 and 2008 at the Iowa State University 
Agronomy and Ag Engineering Farm in Boone County, IA (42.0° N, 93.0° W, elevation 354 
m, (1161 ft)), on a Webster-Nicolet, fine-loamy, mixed, superactive, mesic, Typic Engoquoll 
soil.  The design was a randomized complete block with four replicates of each treatment and 
conducted in two fields: one field previously sown to soybean and one field previously sown 
to corn.  In the prior fall (2006), 87 lb acre-1 of triple super phosphate (0-46-0) and 197 lb 
acre-1 of potash (0-0-61) were applied to the field previously seeded to soybean.  To 
eliminate possible phosphorus (P) and potassium (K) effects, 87 lb acre-1 of triple super 
phosphate and 197 lb acre-1 of potash were applied to the field previously seeded to corn on 
17 April 2007.  In the fall of 2007, soil samples from the site to be used in 2008 indicated 
Bray-1 P was 11 ppm and 133 ppm K.  On 30 April 2008 (before planting), 108 lb acre-1 of 
triple super phosphate and 83 lb acre-1 of potash were applied to the entire site. 
Plot field operations 
 The fields previously sown to corn were field cultivated on 10 April 2007 and 16 
April 2008.  The main plots (7 x 25 feet) received one of the 10 soil amendments.  The soil 
amendments consisted of the three N sources (manure, compost or urea) applied at the three 
target rates (30, 60 or 90 lb N acre-1) or an unamended control (0 lb N acre-1).  All soil 
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amendments were applied to assigned plots in both fields on 16 and 17 April 2007 and 28 
and 29 April 2008 and incorporated each evening.  Ten percent of the N from the compost 
was assumed to be plant-available during the growing season (The Composting Council, 
1996).  The nutrient analysis of the compost is shown in Table 1.  Compost application rates 
are shown in Table 2.  All of the N measured in the manure was assumed to be plant-
available the year of application (Sawyer and Mallarino, 2008).  In 2007, a second analysis of 
the manure revealed that plots amended with manure received less N than the targeted rates.  
The necessary amounts of additional manure were applied to plots in both fields after flax 
emergence on 14 May 2007.  The nutrient analysis of the manure and the application rates 
are provided in Tables 3 and 4, respectively.  Manure and compost were applied to plots 
manually using 4-gallon buckets.  Urea (46-0-0) was applied to plots by a hand-pushed 
fertilizer spreader. 
 ‘York’ flax was drilled in 8-inch rows with a Tye Drill at 50 lb acre-1 accompanied by 
an underseeding of ‘Arlington’ red clover broadcasted at 14 lb acre-1 in both fields on 18 
April 2007 and 1 May 2008.  Fields were cultipacked following seeding.  Each main plot was 
divided into two subplots measuring 7 x 12.5 ft.  Half of the subplots were hand weeded 
throughout the growing season while the remaining subplots were not weeded. 
Data collection 
 Four quadrats [9 x 16-in (1 sq ft)] were placed randomly in each subplot.  All weeds 
were counted in these quadrats from 13 to 29 June in 2007 and 30 June to 11 July in 2008.  
Flax, red clover, and weeds were hand-harvested from these same quadrats from 27 July to 3 
August 2007 and 11 to 18 August 2008.  All plant stems were cut at the soil surface with 
pruning shears.  After hand separating the flax, red clover, and weeds, the flax was placed in 
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cotton bags and air-dried for 7 d.  Red clover and weeds were placed in separate paper bags, 
dried for 7 d at 140 °F, and weighed to determine dry biomass.  After drying, the flaxseed 
was machine-threshed using an Almaco Small Bundle Thresher (Almaco, Nevada, IA).  
Threshed seed was cleaned using a Westrup LA-LS laboratory air-screen cleaner (Hoffman 
Manufacturing, Jefferson, OR).  Cleaned seed was then weighed to determine seed yield per 
acre.  Percent moisture of seed was determined by baking 1 to 2 g samples of seed from each 
plot for 3 hr at 217 °F.  Seed yield is reported on a dry weight basis.  After threshing, straw 
was dried at 140 °F for six days and weighed.  Oil concentration of flaxseed was determined 
by calibrated near infrared spectroscopy (NIR) at the Grain Lab in the Department of Food 
Science at ISU. 
Statistical analysis 
 The JMP In statistical program (SAS Institute, Cary, NC) was used to analyze the 
data.  All of the competitive biomass (red clover and weeds) collected in the subplots was 
used when determining the relationship between the response variable (seed yield, straw 
yield, seed oil content) and the primary competitive biomass.  Two similar statistical models 
were used to determine the relationship between the response variable (seed yield, straw 
yield, or seed oil concentration) and competition (biomass or weed density).  For the first, the 
main effects analyzed in an ANOVA were experimental year-previous crop residue 
combination (2007-corn, 2007-soybean, and 2008-soybean), ambient weed competition 
(biomass or density), soil amendment (N source and rate), and their interactions.  For the 
second, the main effects analyzed were experimental year (2007, 2008) previous crop (corn 
or soybean), competition from red clover (biomass), soil amendment, and their interactions.  
Contrast statements were used to investigate any interactions detected.  If any of the main 
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effects were significant, the relationship between the response variable and the competition 
environment was analyzed with respect to the main effect.  Regression curves were plotted to 
illustrate the relationship between the response variable and the competition.  Significance 
was reported at the 0.05 probability level unless otherwise noted.  Only statistically 
significant regression curves are displayed.  Either a linear or logarithmic curve was plotted 
based on greater level of significance.  R-square values were used to describe the goodness-
of-fit of the relationships.  More fit relationships were denoted by larger R2 values.  When 
comparing means, Student’s t-test was used.  Visual inspection of residual plots determined 
if a square-root transformation of the response variable was necessary.  Additionally, data 
points were determined to be outliers if they fell outside of three standard deviations from the 
mean of the Studentized residuals of a data set.  Outliers were then removed before final 
analysis. 
Results 
 The response of seed yield, straw yield, and oil concentration of flax was analyzed 
between the two different competition environments—‘flax competing primarily with weeds’ 
and ‘flax competing primarily with red clover’.  All competitive biomass from these 
environments were used in the analysis but will be referred to as ‘weed biomass’ and 
‘biomass of red clover’ accordingly.  The ambient weed environment was primarily 
comprised of weed species common to Central Iowa.  This included giant foxtail (Setaria 
faberi Herrm.), common lambsquarters (Chenopodium album L.), redroot pigweed 
(Amaranthus retroflexus L.), and Pennsylvania smartweed (Polygonum pensylvanicum L.).  
In both 2007 and 2008, the average competitive biomass in all of the subplots 
assigned, as ‘flax competing primarily with red clover’ was comprised of at least 78% red 
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clover (Fig. 1).  In 2008, ambient weed biomass only comprised 10% of the competitive 
biomass in subplots assigned as ‘flax competing primarily with weeds’ in the field previously 
sown to corn (Fig. 2).  As such, these subplots were removed from consideration as a ‘flax 
competing with ambient weeds’ environment and instead considered as ‘flax competing with 
red clover’.  Thus, the ‘flax competing with ambient weeds’ environment did not contain 
subplots from 2008 from the field previously sown to corn with respect to both ambient weed 
biomass and density.  Accordingly, the ‘flax competing with red clover’ environment 
contained twice as many subplots in 2008 and when corn was the previous crop than any 
other experimental year-previous crop combination. 
Seed yield of flax 
 A square root transformation of seed yield was performed to improve the 
heterogeneous distribution of residuals during statistical analysis.  The response of the square 
root of seed yield to competition is reported.  “Ambient weed biomass” and “biomass of red 
clover” refers to biomass that is primarily (but not solely) comprised of weeds or red clover, 
respectively. 
Weed biomass competition 
 Effects of year-previous crop combination, N source, and N rate on the relationship 
between seed yield of flax and ambient weed biomass were detected.  The relationships are 
shown in Figures 3-5.  In 2007 and in the field previously sown to corn, no relationship was 
observed (Fig. 3A).  In the field previously sown to soybean, seed yield decreased as ambient 
weed biomass increased (Fig. 3B).  The same was true in 2008 and in the field previously 
sown to soybean; however, the goodness-of-fit of the relationship was less (R2 = 0.45 vs. 
0.16; Fig. 3B and 3C, respectively).  For each N source, a negative relationship between seed 
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yield and ambient weed biomass was observed (Fig. 4).  Goodness-of-fit of the relationship 
was greatest when N was applied as manure (Fig. 4A).  The relationship differed based on N 
rate (Fig. 5).  When 0 or 60 lb N acre-1 were applied, no relationship was observed (Figs. 5A 
and 5C).  Negative relationships were observed when 30 or 90 lb N acre-1 were applied (Figs. 
5B and 5D).  Goodness-of-fit of the relationship was greatest when 90 lb N acre-1 were 
applied (R2 = 0.45) (Fig. 5D). 
Weed density competition 
 The relationship between seed yield of flax and ambient weed density was negative in 
each year (Fig. 6).  Goodness-of-fit of the relationship was greatest in 2008 (R2 = 0.21; Fig. 
6B).  Only the effect of experimental year on the relationship between seed yield and ambient 
weed density was detected. 
Competition from red clover 
 Regardless of the year and the field, a negative relationship between seed yield of flax 
and biomass of red clover was observed (Fig. 7).  The best-fit relationship was observed 
when flax followed soybean (R2 = 0.71) (Fig. 7B).   
Straw yield of flax 
Weed biomass competition 
 The relationships between straw yield of flax and ambient weed biomass were 
analyzed for each N source and rate in each year-previous crop combination.  This was 
because a year-previous crop combination x soil amendment interaction was detected.  The 
soil amendments differentially affected the relationship between straw yield and ambient 
weed biomass.  The relationships tended to vary depending on the N source and rate for each 
of these combinations. 
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 In 2007 and in the field previously sown to corn, no relationship between straw yield 
and ambient weed biomass was detected regardless of N source (Fig. 8).  Mean straw yields 
were 1,605; 926; or 1,229 lb acre-1 (LSD = 243) when N was applied as compost, manure, or 
urea, respectively.  In the field previously sown to soybean, negative relationships between 
straw yield and ambient weed biomass were observed when N was applied as compost and 
manure (Figs. 9A and 9B).  The better fit of the two relationships occurred when N was 
applied as manure (R2 = 0.69) (Fig. 9B).  No relationship was detected when N was applied 
as urea (Fig. 9C).  In 2008 and in the field previously sown to soybean, a negative 
relationship was detected when N was applied as compost (Fig. 10A).  No relationship was 
detected when N was applied as manure or urea (Figs. 10B and 10C). 
 No relationship between straw yield and ambient weed biomass was detected when 
any rate of N was applied in 2007 when flax followed corn (Fig. 11).  Mean straw yields 
were 1,417; 1,273; 1,070; or 587 lb acre-1 (LSD = 309) when 0, 30, 60, or 90 lb N acre-1 were 
applied, respectively.  In 2007 and in the field previously sown to soybean, relationships 
differed depending on N rate (Fig. 12).  No relationship was detected when 0 or 60 lb N acre-
1 were applied (Figs. 12A and 12C).  Negative relationships occurred when 30 or 90 lb N 
acre-1 were applied (Figs. 12B and 12D).  The relationship between straw yield and ambient 
weed biomass when 30 lb N acre-1 were applied was the better fit of the two (R2 = 0.42) (Fig. 
12B).  In 2008 and in the field previously sown to soybean, the best-fit, negative relationship 
occurred when 0 lb N acre-1 were applied (R2 = 0.89) (Fig. 13A).  No relationship, however, 
was detected when 60 lb N acre-1 were applied (Fig. 13C). 
Weed density competition 
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 A square root transformation of straw yield of flax was performed to improve the 
heterogeneous distribution of residuals during statistical analysis.  Effects of year-previous 
crop combination and soil amendment on the relationship between straw yield and ambient 
weed density were detected.  Regardless of year or previous crop, the relationship between 
straw yield and ambient weed density was negative (Fig. 14).  The best-fit relationship 
occurred in 2008 and in the field previously sown to soybean (R2 = 0.44; Fig. 14C).   
 Orthogonal contrasts determined that an effect of N rate on the relationship occurred 
but not of N source.  Across all year-previous crop combinations, no relationship between 
straw yield and ambient weed density was detected when 0 lb N acre-1 was applied (Fig. 
15A).  Negative relationships, however did occur when 30, 60, or 90 lb N acre-1 were applied 
(Figs. 15B-D).  Goodness-of-fit of the relationship was greatest when 30 lb N acre-1 were 
applied (R2 = 0.42; Fig. 15B). 
Competition from red clover 
 An experimental year x previous crop interaction was detected when considering the 
relationship between straw yield and biomass of red clover.  In 2007 and regardless of N 
source or rate, no relationship between straw yield and biomass of red clover was detected in 
the field previously sown to corn (Fig. 16A).  In the field previously sown to soybean, 
however, a negative relationship between straw yield and biomass of red clover was detected 
(Fig. 16B).  In 2008, negative relationships between straw yield and biomass of red clover 
were detected regardless of the previous crop (Fig. 17).  The better fit of the two negative 
relationships occurred in the field previously sown to soybean (R2 = 0.20) (Fig. 17B). 
Oil concentration of flaxseed 
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 Statistical analysis was only performed on oil concentration data from 2007, as not 
enough flaxseed was available for the analysis in 2008.  When ambient weed biomass was 
considered as the competition, an effect of previous crop on the relationship with oil 
concentration was detected.  The mean oil concentration was 4.47 and 4.40 % (LSD = 0.07) 
in the fields previously sown to corn and soybean, respectively.  No relationships, however, 
were detected between oil concentration and ambient weed biomass regardless of the 
previous crop (Fig. 18).  When ambient weed density was the competition, an effect of 
previous crop on oil concentration was once again detected.  No relationship was detected 
between oil concentration and ambient weed density (Fig. 19).   
When red clover was the competitive biomass, only an effect of previous crop on 
seed oil concentration was detected.  The mean seed oil concentration was 4.50 and 4.44 % 
(LSD = 0.05) in the fields previously sown to corn and soybean, respectively.  No 
relationship between biomass of red clover and seed oil concentration of flaxseed was 
detected regardless of the previous crop (Fig. 20).   
Discussion 
Prior researchers have observed negative relationships between seed yield of flax and 
weed density (Bowden and Friesen, 1967; Bell and Nalewaja, 1968; Guenhagen and 
Nalewaja, 1969; Friesen et al., 1992).  Regression analysis on these data yielded much better 
fit relationships (greater R2 values) between seed yield and weed density than observed in 
this experiment (R2 = 0.62 to 0.99).  We observed R2 values no greater than 0.21 when 
studying the relationship between seed yield of flax and weed density.  All of these prior 
researchers studied a single weed species and controlled the weed density between 0 and 20 
plant ft-2.  Ambient weed densities observed in our experiment were comprised of multiple 
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species and ranged between 18 and 190 plant ft-2.  Our study shows that beyond a weed 
density of 20 plant ft-2 comprised of multiple species, the negative relationship is less fit than 
those reported by previous research conducted at lower weed density ranges.  It is 
conceivable that, at greater weed densities, increased competition among weeds alters the 
relationship to seed yield of flax.  Additionally, increasing N from 0 to 90 lb N acre-1 did not 
influence the relationship between seed yield and ambient weed density.  Bell and Nalewaja 
(1968) observed the goodness-of-fit of the relationship between seed yield and weed density 
was nearly identical whether N was applied or not (R2 = 0.97 and 0.94, respectively).  
Gruenhagen and Nalewaja (1969) observed a better-fit relationship when 50 lb N acre-1 (R2 = 
0.89) compared to when 0 lb N acre-1 were applied (R2 = 0.62).  However, the goodness-of-
fit of the relationships observed by Gruenhagen and Nalewaja (1969) in these situations were 
greater than any observed in this study (Fig. 6). 
No previous research has investigated the relationship between flax and weed 
biomass.  This relationship varied when analyzed by experimental year and previous crop 
(Fig. 3).  Seed yield was reduced with increased ambient weed biomass among all of the N 
sources (Fig. 4).  The best-fit relationship occurred when N was applied as manure (R2 = 
0.41) (Fig. 4B).  The existence of a relationship also varied when analyzed with among N 
rate (Fig. 5).  Overall, the goodness-of-fit of the relationship between seed yield of flax and 
ambient weed biomass was greatest when 90 lb N acre-1 were applied (R2 = 0.45) (Fig. 5D).  
These relationships were more fit than those observed between seed yield and ambient weed 
density (Fig. 6).  Based on the results of this study, it is conceivable that when ambient weed 
competition is considered, the biomass of the competition rather than the density is a better 
indicator of seed yield of flax. 
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The goodness-of-fit of the relationship between seed yield of flax and red clover was 
greatest when soybean preceded flax (R2 = 0.71) (Fig. 7B) compared to when corn preceded 
flax (R2 = 0.66) (Fig. 7A).  These relationships were better fit than any observed between 
seed yield and weed biomass.  The steepest decline in seed yield of flax occurred when less 
than 1,000 lb acre-1 of biomass of red clover was recorded (Fig. 7).  This is important to note 
because organic growers of flax commonly underseed red clover with flax as a dual-purpose 
weed management-soil building method (Smith and Carlson, 2006; Delate et al., 2008).  Red 
clover, however, has not been shown to reduce weed pressure in flax despite common 
production guideline recommendations (Smith and Carlson, 2006; Delate et al., 2008).  The 
underseeding of a forage legume has proven to be effective at providing N for the succeeding 
crop in the rotation (Stute and Posner, 1995).  Therefore, growers must carefully consider the 
consequences of including the underseeding of red clover.  Benefits to the system in the form 
of biological N production may result, however, this comes at the cost of reducing seed yield 
of flax. 
Straw yield of flax decreased as ambient weed density increased except when no N 
was applied.  Gruenhagen and Nalewaja (1969), however, demonstrated how a single wild 
buckwheat plant grown in competition with a single flax plant in a five-inch pot in a growth 
chamber reduced the mature dry weight of the flax to 52% of flax grown without any 
competition.  Additionally, N did not affect the negative effect of wild buckwheat on dry 
matter of flax (Gruenhagen and Nalewaja, 1969).  Though dry weight of individual flax 
plants was not measured in our study, it would follow that as ambient weed density 
increased, dry weight of flax decreased.  This would account for the reductions in straw yield 
observed. 
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The goodness-of-fit of the relationship between straw yield and weed competition 
was more apparent when ambient density was considered (Figs. 14 and 15) rather than 
ambient biomass (Figs. 8-13).  Because a relationship was not always detected between straw 
yield and ambient weed biomass, ambient weed density is a better indicator of straw yield of 
flax.  In 2007, straw yield was also reduced with increased biomass of red clover (Figs. 16 
and 17) except when corn preceded flax (Fig. 16A).  As with seed yield, the greatest 
reduction in straw yield in 2007 occurred as biomass of red clover reached 1,000 lb acre-1 
(Fig. 16B).  The relationship between seed yield and red clover (Fig. 7), however, was much 
more apparent than that between straw yield and red clover (Figs. 16 and 17).  Therefore, 
underseeded red clover is not as much of a factor with respect to straw yield as it is with 
respect to seed yield.  Furthermore, ambient weed density is a much better indicator of straw 
yield than underseeded red clover.  
No relationship between oil concentration of flaxseed and ambient weed density was 
detected.  Likewise, no relationship between oil concentration and ambient weed biomass or 
underseeded red clover was detected.  Increasing density of wild oat (Avena fatua L.) 
growing with flax reduces oil concentration of flaxseed by 0.01 % for each additional wild 
oat plant when no N was applied (Bell and Nalewaja, 1968).  This negative effect increases 
to 0.05 % when 30 lb N acre-1 are applied (Bell and Nalewaja, 1968).  The researchers 
proposed that the application of N favored the ability of wild oat to absorb moisture, increase 
the temperature of the microclimate, and thus reduce the seed oil concentration of flax (Bell 
and Nalewaja, 1968).  As with seed yield of flax, the negative effect of competition may 
diminish as a certain level of weed competition is reached.   
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Conclusion 
 Negative relationships were observed between seed as well as straw yield of flax and 
competition (weeds or red clover).  The goodness-of-fit of these relationships was 
determined by the R2 values resulting from regression analysis.  The best-fit relationship was 
observed between seed yield and underseeded red clover.  We observed that the goodness-of-
fit of the relationship between seed yield and ambient weed biomass was greater than that of 
the relationship between seed yield and ambient weed density.  Prior researchers report 
better-fit relationships than we observed between seed yield and weed density when 
competition is of a single species and density is less than 20 plant ft-2.  This suggests that the 
goodness-of-fit of relationships between seed yield and any competition are maximized only 
when a single species is competing with flax.  In our study, the goodness-of-fit of the 
relationship between seed yield and weed biomass was maximized at the greatest N rate (90 
lb N acre-1).  At this N rate, a grower faces an elevated level of risk as the potential for both 
maximal seed yields and greatest weed biomass exists.  Growers must consider the possible 
benefits of adding a legume such as red clover to their cropping system while also 
considering these potential negative effects on seed yield of flax.   
The goodness-of-fit of the relationship between straw yield of flax and ambient weed 
biomass was greater than that of the relationship between straw yield and ambient weed 
density when soybean preceded flax.  The relationships between straw yield and ambient 
weeds (biomass or density) were better fit than the relationship between straw yield and 
biomass of underseeded red clover.  The relationship between seed yield and ambient weed 
density was better fit than that between straw yield and biomass of red clover.  No 
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relationship between any form of competition (weeds or red clover) and the seed oil 
concentration was detected. 
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Table 1. Nutrient analysis of composted swine manure in 2007 and 
2008. 
Year  Total N Total C Moisture 
 ------------------------- % ------------------------- 
2007 2.2 18.5 30.8 
2008 2.2 34.1 77.0 
 
 
Table 2. Amount of composted manure applied to meet target N rates 
based on total N and assuming 10% rate of availability in 2007 and 
2008. 
  Target N rate (lb acre-1) 
Year  30 60 90 
 ---------------------- lb acre-1 ---------------------- 
2007 13,762 27,523 41,284 
2008 24,359 48,716 73,073 
 
Table 3. Nutrient analysis of liquid swine manure in 
2007 and 2008. 
Year Total N Moisture 
  lb 1000 gal-1 % 
2007a 28 98 
2007b 51 90 
2008 26 96 
aInitial liquid manure applied to assigned plots 
bAdditional liquid manure applied to meet target N rates 
 
Table 4. Amount of liquid swine manure applied to meet target N rates 
based on N content of 1000 gallons of manure and assuming 100% 
availability. 
  Target N rate (lb acre-1) 
Year 30 60 90 
 -------------------- gal acre
-1 -------------------- 
2007a    815 1,628 2,443 
2007b    209    418    625 
2008 1,150 2,300 3,450 
aInitial liquid manure applied to assigned plots  
bAdditional liquid manure applied to meet target N rates 
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Figure 1. Biomass of red clover and ambient weeds in the ‘flax competing primarily with red 
clover’ environment in 2007 and 2008, when flax followed corn or soybean. 
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Figure 2. Biomass of red clover and ambient weeds in the ‘flax competing primarily with 
ambient weeds’ environment in 2007 and 2008, when flax followed corn or soybean. 
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Figure 3. The relationship between the square root (sqrt) of seed yield of flax and weed 
biomass in a field previously sown to A) corn and in 2007; B) soybean and in 2007; or C) 
soybean and in 2008. Values averaged across all N sources and rates. 
Mean = 22.14 
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Figure 4. The relationship between the square root (sqrt) of seed yield of flax and weed 
biomass when N was applied as A) compost; B) manure; or C) urea. Values averaged across 
all year-previous crop combinations and N rates. 
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Figure 5. The relationship between the square root (sqrt) of seed yield of flax and weed 
biomass when A) 0; B) 30; C) 60; or D) 90 lb N acre-1 were applied. Values averaged across 
all year-previous crop combinations and N sources. 
 
Mean = 17.04 
Mean = 20.72 
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Figure 6. The relationship between the square root (sqrt) of seed yield of flax and weed 
density in A) 2007 or B) 2008. Values averaged across all previous crops, N sources, and N 
rates. 
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Figure 7. The relationship between the square root (sqrt) of seed yield of flax and red clover 
biomass in a field previously sown to A) corn or B) soybean. Values averaged across all 
years, N sources, and N rates. 
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Figure 8. The relationship between straw yield of flax and weed biomass in a field previously 
sown to corn and in 2007 when N was applied as A) compost; B) manure; or C) urea. Values 
averaged across all N rates. LSD for mean seed oil concentration was 243 (P = 0.05). 
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Figure 9. The relationship between straw yield of flax and weed biomass in a field previously 
sown to soybean and in 2007 when N was applied as A) compost; B) manure; or C) urea. 
Values averaged across all N rates. 
Mean = 1600.66 
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Figure 10. The relationship between straw yield of flax and weed biomass in a field 
previously sown to soybean and in 2008 when N was applied as A) compost; B) manure; or 
C) urea. Values averaged across all N rates. 
Mean = 1350.78 
Mean = 1232.34 
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Figure 11. The relationship between straw yield of flax and weed biomass in a field 
previously sown to corn and in 2007 when A) 0; B) 30; C) 60; or D) 90 lb N acre-1 were 
applied. Values averaged across all N sources. LSD for mean seed oil concentration was 309 
(P = 0.05). 
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Figure 12. The relationship between straw yield of flax and weed biomass in a field 
previously sown to soybean and in 2007 when A) 0; B) 30; C) 60; or D) 90 lb N acre-1 were 
applied. Values averaged across all N sources. 
Mean = 1089.73 
Mean = 1780.28 
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Figure 13. The relationship between straw yield of flax and weed biomass in a field 
previously sown to soybean and in 2008 when A) 0; B) 30; C) 60; or D) 90 lb N acre-1 were 
applied. Values averaged across all N sources. 
Mean = 1310.72 
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Figure 14. The relationship between the square root (sqrt) of straw yield of flax and weed 
density in a field previously sown to A) corn and in 2007; B) soybean and in 2007; or C) 
soybean and in 2008. Values averaged across all N sources and rates. 
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Figure 15. The relationship between the square root (sqrt) of straw yield of flax and weed 
density when A) 0; B) 30; C) 60; or D) 90 lb N acre-1 were applied. Values averaged across 
all year-previous crop combinations and N sources. 
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Figure 16. The relationship between straw yield of flax and biomass of red clover in a field 
previously sown to A) corn or B) soybean and in 2007. Values averaged across all N sources 
and rates. 
 
Mean = 1480.11 
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Figure 17. The relationship between straw yield of flax and biomass of red clover in a field 
previously sown to A) corn or B) soybean and in 2008. Values averaged across all N sources 
and rates. 
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Figure 18. The relationship between oil concentration of flaxseed and weed biomass in a 
field previously sown to A) corn or B) soybean and in 2007. Values averaged across all N 
sources and rates.  LSD for mean seed oil concentration was 0.73 (P = 0.05). 
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Figure 19. The relationship between oil concentration of flaxseed and weed density in a field 
previously sown to A) corn or B) soybean and in 2007. Values averaged across all N sources 
and rates. LSD for mean seed oil concentration was 0.73 (P = 0.05). 
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Figure 20. The relationship between oil concentration of flaxseed and biomass of red clover 
when flax followed either A) corn or B) soybean in 2007. Values averaged across all N 
sources and rates. LSD for mean seed oil concentration was 0.55 (P = 0.05). 
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CHAPTER 5. Analysis of estimated returns and net returns to organic and 
conventional production of flax in Iowa 
 
Stefans R. Gailans, Mary H. Wiedenhoeft, James Kliebenstein, and Margaret A. Smith 
 
ABSTRACT.  Demand for flax (Linum usitatissimum L.) has increased due to the positive 
health implications associated with adding flaxseed to human diets.  Researchers and growers 
are now challenged to determine the best production methods for flax in the Midwest.  
Growers are particularly concerned about the economic implications when adding flax to 
their crop rotations.  The objective of this study was to determine returns ($ acre-1) to 
organically or conventionally raised flax in Iowa.  Flax was raised as part of a field 
experiment in central Iowa in 2007 and 2008.  Liquid swine manure and composted swine 
manure were used as sources of nitrogen (N) for flax grown organically.  Urea was the 
source of N for conventionally raised flax.  Weeds were removed by hand from half of each 
plot to determine the impact of weed competition on returns and net returns.  Costs of 
production were compiled from university extension publications, local farm industry 
managers, and farmers.  Returns were calculated based on the average seed and straw yields 
of flax resulting from N application and whether or not weeds were removed.  Average 
estimated costs of organic production exceeded those of conventional production both years.  
This was attributed to the cost of underseeding red clover that was included in the costs of 
organic production of flax.  Costs associated with seeding red clover accounted for 75% and 
79% of the cost disparity between organic and conventional production in 2007 and 2008, 
respectively.  Returns increased with seed and straw yield when flax was raised both 
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organically and conventionally.  Across both years, net returns (returns less costs) were 
greater when flax was raised organically.  Positive net returns occurred in 18% and 6% of all 
organic and conventional scenarios analyzed, respectively.  Net returns were only positive 
when weed pressure was removed.  Competition from weeds and/or insufficient fertility 
accounted for seed and straw yields that did not result in returns that covered costs of 
production. 
Introduction 
 Demand for flax increased in the early 2000s.  The number of acres planted to flax in 
the United States peaked in 2005 with 91% of those acres occurring in North Dakota (NASS, 
2010).  This demand was initiated by the discovered health benefits of adding the oil and 
dietary fiber of flaxseed to the diets of humans.  These benefits have implications for high 
cholesterol, high blood pressure, heart disease, rheumatoid arthritis, and proper immune and 
cardiovascular system function (Laux and Huntrods, 2009; University of Maryland Medical 
Center, 2009).  Flaxseed must contain at least 41% oil to meet the industry standard for food-
grade status (Vakulabharanam, 2008).  Flaxseed flour is a healthful additive to baked goods 
(Garden-Robinson, 2001; Anonymous, 2007).  Moreover, the meal resulting from the oil 
pressing process can be fed to dairy cattle or poultry or included as an additive in pet food 
(Laux and Huntrods, 2009; Delate et al., 2008).  Before consumers can reap these health 
benefits, flax must travel through a supply chain.  A supply chain for flax is comprised of 
seed and straw producers, seed cleaners, marketers, processors, distributors, and retailers 
(Ferguson et al., 2005).  Most important for growers is the proximity of marketers and 
processors.  A grower will often forgo the services of a marketer and broker the sale of seed 
directly to a processor (Ferguson et al., 2005).  After the seed is processed into oil and meal, 
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or left intact as whole seed, a distributor purchases the product to be sold to retailers and 
eventually consumers (Ferguson et al., 2005).  Straw can be left on the field as organic 
matter, used as animal bedding, or sold (Berglund and Zollinger, 2007).  Therefore, 
producing flax provides a number of potential enterprises for the grower. 
The objective of this study was to determine the estimated net returns to organic and 
conventional production of flax based on estimated costs in Iowa.  The costs and returns only 
addressed the production year of a crop rotation pertaining to flax.  Expanding the production 
of flax into Iowa would necessitate the presence of all of the elements of the supply chain.  A 
grower must consider the cost of producing a crop of flax while at the same time securing a 
viable market.  American Natural Soy, Inc. is a facility located in Cherokee, IA that 
processes organic, food-grade flaxseed into oil for human consumption.  This facility 
established a demand for local production of flax, thus, providing an incentive for growers in 
Iowa (Sayre, 2004).  Organic growers in Iowa would market seed directly to American 
Natural Soy, Inc. (Mark Schuett and Paul Mugge, personal communications).  American 
Natural Soy eventually sells the oil to Spectrum Organic Products who then distributes fresh 
oil and oil products such as gel caps to retailers, thus completing the supply chain (Sayre, 
2004).  
 It is important to determine the production cost of flax for a grower.  Crop production 
costs can vary from year to year for both organic and conventional practices (Duffy, 2009).  
These include the costs associated with farm machinery, fuel, nitrogen (N), seed, and land 
(Duffy, 2009).  The estimated costs for organic and conventional production generated in this 
study were compiled from university extension publications that are publicly available.  
Additionally, the market price a grower receives for flaxseed produced can fluctuate and 
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affect the returns (Ferguson et al., 2005).  Yearly price data for flax was gathered from the 
USDA-National Agricultural Statistics Service as well as from local sources located in Iowa.  
Moreover, seed and straw yields a grower must achieve to ensure a positive net return will 
fluctuate depending on the production cost and market price. 
Seed and straw yields of flax resulting from a field study in central Iowa were used to 
compare returns and net returns among various potential production practices.  Flax was 
grown in 2007 and 2008 in plots in two fields each year: one previously sown to soybean and 
one previously sown to corn.  Plots amended with one of two N sources (manure or compost) 
at one of four N rates (0, 30, 60, 90 lb acre-1) were used to generate organic flax seed and 
straw yields.  Plots amended with urea at each of the N rates (including the control) were 
used to generate conventional flax seed and straw yields.  Additionally, weeds were removed 
or not removed from half of each plot to alter the level of weed competition in each scenario 
(organic and conventional).  Average seed and straw yields resulting from these 
combinations of treatments were used when generating returns.  The field study attempted to 
best represent both organic and conventional production practices.  Full compliance to 
organic (Delate et al., 2008) and conventional (Berglund and Zollinger, 2007) production 
guidelines was not possible and special considerations were made to most accurately 
determine net returns.  Only the N content of the manure and compost was used to determine 
the value of these substances.  This was a conscious decision as yield response to N and the 
associated return was a primary concern.  Moreover, flax is not responsive to applied P 
(Grant et al., 1999; Lafond et al., 2003; Franzen, 2004) or K (Franzen, 2004).  The response 
of flax to N, however, has been well documented (Sheppard and Bates, 1988; Grant et al., 
1999; Endres et al., 2001; Lafond et al., 2003; Lafond et al. 2008; Malhi et al. 2008).  Thus, 
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yields and returns are presented only with regard to applied N.  Weed competition also 
reduces the economic yield of flax (Chow, 1983; Friesen, 1988).  In addition to N, yields and 
returns are presented with respect to weed competition. 
Materials and Methods 
Field study 
Flax was grown as part of a field experiment that was conducted in 2007 and 2008 
near Boone, IA.  The design was a randomized complete block with four replicates of each 
treatment and conducted in two fields each year: one previously sown to soybean and one 
previously sown to corn.  The main plots received soil amendments consisting of the three N 
sources (liquid swine manure, composted swine manure, or urea) applied at the three target 
rates (30, 60 or 90 lb N acre-1) or an unamended control (0 lb N acre-1) before planting.  Plots 
amended with either liquid swine manure (manure) or composted swine manure (compost) 
were deemed ‘organic production’ while those amended with urea were deemed 
‘conventional production.’  In 2007, a second application of manure was necessary after it 
was determined that the first application did not meet the target rates for N.  ‘York’ flax was 
drilled in 8-in rows at 50 lb seed acre-1 on 18 April 2007 and 1 May 2008.  Additionally, an 
underseeding of ‘Arlington’ red clover broadcasted at a rate of 14 lb seed acre-1 accompanied 
the flax.  This underseeding was employed as a weed management method common to 
organic production (Smith and Carlson, 2006; Delate et al., 2008).  Each plot (7 x 25 ft) was 
divided into two subplots (7 x 12.5 ft).  Half of the subplots were hand weeded throughout 
the growing season while the remaining subplots were not weeded.  The average seed and 
straw yields were analyzed to determine the net returns based on compiled estimated costs of 
production.  No herbicides were used in this field study.  However, subplots amended with 
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urea (‘conventional production’) with weeds removed by hand were considered to have 
herbicide applied for this analysis.  Chow (1983) and Friesen (1988) observed no difference 
in weed density among flax when an herbicide was applied compared to hand-removal of 
weeds.  Thus, considering hand-weeded plots to have been treated with herbicide was a 
realistic assumption when applying costs of herbicide in this situation.  Additionally, the 
underseeding of red clover was not removed from these subplots, yet it was not considered as 
a cost of production.  Conventional flax production guidelines do not include an 
underseeding of any kind but instead recommend herbicide to control weeds (Berglund and 
Zollinger, 2007).  Thus, these considerations were made to most accurately determine the 
estimated costs and net financial returns of ‘conventional production’ in this field study.  Oil 
concentration of flaxseed was determined by calibrated near infrared spectroscopy (NIR) at 
the Grain Lab in the Department of Food Science at Iowa State University.  Oil concentration 
was only determined in 2007. 
Estimating production costs 
 The value of manure and compost was factored into the analysis of organic 
production of flax.  The commercial price of N averaged $0.31 lb-1 N in 2007 (Duffy, 2007) 
and $0.46 lb-1 N in 2008 (Duffy, 2008).  Accordingly, the commercial price of N was used to 
determine the value of manure and compost based on the individual N contents of these 
substances in 2007 and 2008.  In the case of manure, all N detected in the nutrient analysis 
was used to determine value (Table 1) as all of the N in swine manure is assumed to be 
available for crop growth the year the manure is applied (Sawyer and Mallarino, 2008).  In 
the case of compost, 10% of the N detected in the nutrient analysis was used to determine 
value (Table 1), as 10% of the total N in compost was assumed available for crop growth the 
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year the compost is applied (The Composting Council, 1996).  For the purposes of 
conventional production of flax, the commercial price of N fertilizer was used to calculate 
the cost of urea (Table 1).  The amount of the N source applied per acre and the associated 
cost for 2007 and 2008 is shown in Table 2.  Though manure and compost contains other 
nutrients essential to crop growth (such as P, K, and various micronutrients), only the N 
content was used to determine value.  
 Estimated preharvest and harvest machinery costs per acre of organic production of 
flax for 2007 and 2008 are displayed in Table 3.  Estimated machinery costs of conventional 
production of flax are displayed in Table 4.  These estimates were obtained from Iowa State 
University Extension (Duffy, 2007; Duffy, 2008).  The only exception was the cost of 
herbicide application for conventional production.  This cost was obtained from North 
Dakota State University Extension due to the prevalence of conventional production of flax 
in North Dakota.  The cost of herbicide amounted to $14.71 and $15.73 acre-1 in 2007 and 
2008, respectively (Swenson and Haugen, 2006; Swenson and Haugen 2007).  The cost 
associated with land rent in 2007 and 2008 was $150.00 acre-1 and $170.00 acre-1, 
respectively (Edwards, 2009).  The value placed on labor and the estimated time expended 
per acre was $11.00 hour-1 and 1.2 hours, respectively in 2007 and 2008 (Duffy, 2007; Duffy, 
2008). 
 Seed costs of flax and red clover was $0.75 lb-1 and $2.70 lb-1, respectively (Albert 
Lea Seed, 2009).  These costs were used across both years.  The cost associated with red 
clover was only included in the organic production analysis.  The cost of both seed for flax 
and red clover was obtained from the Albert Lea Seed House located in Albert Lea, MN.  
This company was chosen due to its proximity to central Iowa.  Fifty lb acre-1 and 14 lb acre-
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1 of flax and red clover, respectively, were planted both years for the purposes of this study.  
Thus, total seed costs amounted to $75.30 and $37.50 acre-1 for organic and conventional 
production, respectively. 
 The monetary rates associated with hauling and handling seed, cleaning seed, and 
baling and hauling straw in 2007 and 2008 are shown in Table 5.  Because the costs of these 
processes are dependent on yield, these costs are presented as rates (Table 5).  These rates 
were the same across organic and conventional production.  Seed and straw yields observed 
in this study were applied to determine the costs associated with these rates.  The total costs 
of organic and conventional production of flax prior to applying these rates are displayed in 
Tables 6 and 7, respectively.  These tables include only a single soil amendment: 30 lb N 
acre-1 from manure in Table 6 and 30 lb N acre-1 from urea in Table 7.  The costs presented 
in these tables would change with the substitution of the other soil amendments studied. 
Determining returns per acre 
 Market price of organic flaxseed in Iowa in 2007 and 2008 was $0.33 and $0.60 lb-1, 
respectively (Paul Mugge, personal communication).  In the case of conventional production 
of flax, national average market price for seed was used for analysis.  Market price of 
conventional flaxseed was $0.27 lb-1 in both 2007 and 2008 (NASS, 2010).  These mark 
relatively high prices for conventional flaxseed when considering the 10-year average (1998-
2008): $0.13 lb-1 (NASS, 2010).  The market price of straw (organic or conventional) was 
$122.44 and $125.07 ton-1 for 2007 and 2008, respectively (Stephen Barnhart, personal 
communication).  These values are the yearly averages of prices quoted from two hay 
markets in Iowa.  Return per acre for organic and conventional production was calculated 
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from the seed and straw yields of flax and the market price of flaxseed and straw for 2007 
and 2008.  The net return per acre is the return per acre less production cost per acre. 
Results 
 The estimated costs of production, returns, and net returns in 2007 and 2008 are 
displayed in Tables 8-11.  These values were generated from the seed and straw yields 
resulting from the field study (Tables 8-11).  The mean seed oil concentration detected 
exceeded the standard required for food-grade flaxseed (41%) (data not shown).  Returns to 
organic production in 2007 (Tables 8 and 9) exceeded those in 2008 (Tables 10 and 11) when 
comparing similar weed competition situations.  The same trends were true of conventional 
production.  When comparing like weed competition situations, returns to conventional 
production were greater in 2007 (Tables 8 and 9) compared to 2008 (Tables 10 and 11).  Not 
surprisingly, returns were greater when N was applied compared to when no N was applied 
(Tables 8-11). 
Returns to organic production 
 Regarding organic production of flax, returns were always greater when weeds were 
removed (Tables 8-11).  In general, greater returns resulted in the field previously sown to 
soybean compared to corn, although, three instances did occur when the opposite was true 
(Tables 8-11).  Two of these instances occurred in 2007 and when 60 to 90 lb N acre-1 were 
applied as compost and weeds were not removed (Tables 8 and 9).  The other instance also 
occurred in 2007 and when 60 lb N acre-1 was applied as compost and weeds were removed 
(Tables 8 and 9).  In the field previously sown to corn, the returns to production were greater 
when compost was applied compared to manure regardless of weed competition in 2007 
(Table 8).  In the field previously sown to soybean, returns to production were greater when 
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N was applied as manure and weeds were not removed that year (Table 9).  In 2008, returns 
were greater when 60 lb N acre-1 were applied as manure compared to compost in the field 
previously sown to corn and weeds were not removed (Table 10).  Returns were greater when 
30 to 90 lb N acre-1 were applied as manure compared to compost when corn preceded flax 
and weeds were removed (Table 10).  In the field previously sown to soybean and weeds 
were not removed, returns were greater when 30 lb N acre-1 were applied as compost 
compared to manure (Table 11).  Returns were greater when 60 lb N acre-1 were applied as 
compost compared to manure when soybean preceded flax and weeds were removed (Table 
11).   
Returns to conventional production 
 Regarding conventional production, returns were always greater when soybean 
preceded flax compared to when corn preceded flax (Tables 8-11).  Returns were consistently 
greater when weeds were removed except in 2008 when corn preceded flax (Tables 8-11). 
When weeds were removed, returns increased with N when corn preceded flax in both years 
and when soybean preceded flax in 2007 (Tables 8-11). 
Net returns to production 
 Positive net returns were observed in 18% of all organic production scenarios 
analyzed (Tables 8-11).  Net returns were only positive when weeds were removed (Tables 
8-11).  In 2007, net returns were positive only when N was applied as compost in the field 
previously sown to corn (Table 8).  In the field previously sown to soybean, positive net 
returns were observed when either manure or compost was applied that year (Table 9).  
Greater net returns resulted from the application of compost compared to manure in this case 
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(Table 9).  In 2008, the only positive net return was observed when soybean preceded flax, 
weeds were removed, and 90 lb N acre-1 were applied as manure (Table 11).   
Net returns were only positive in 6% of all conventional production scenarios 
analyzed (Tables 8-11).  Net returns were only positive in 2007, when weeds were removed 
in the field previously sown to soybean (Table 9).  This occurred when 60 to 90 lb N acre-1 
were applied (Table 9).   
Discussion 
 In both years, the total estimated costs of organic production of flax were greater than 
the costs of conventional production (Tables 8-11).  The average cost of organic production 
exceeded the average cost of conventional production by $29.33 acre-1 and $27.89 acre-1 in 
2007 and 2008, respectively.  Organic production costs included an underseeding of red 
clover as a common method of weed and soil management (Smith and Carlson, 2006; Delate 
et al., 2008).  This cost was applied both when weeds were not and were removed.  In our 
study, conventional production costs included that of an herbicide in the scenario where 
weeds were removed by hand.  Previous studies have shown that herbicide application can 
result in weed control equivalent to when weeds were removed by hand (Chow, 1983; 
Friesen, 1988).  No herbicide cost was applied to the scenario that represented conventional 
production where weeds were not removed.  In both years, the cost associated with red clover 
exceeded the cost of the herbicide by $22.07 acre-1 when weeds were removed.  In this case, 
the cost of the underseeding of red clover accounted for 75% and 79% of the cost disparity 
between the two production methods in 2007 and 2008, respectively.   
 The greatest seed and straw yields resulting from organic and conventional 
production were always associated with greatest returns and net returns (Tables 8-11).  
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Returns and net returns increased with yield (Tables 8-11).  Indeed, the costs of production 
also increased with seed and straw yield.  This is because of the yield-based production costs 
associated with hauling and cleaning seed and baling and hauling straw (Table 5).  Returns 
increased with yield at a higher rate, however, than the yield-based production costs.  This 
was because the yield-based production costs associated with seed yield amounted to 18% 
and 10% of the market price of organic seed in 2007 and 2008, respectively.  The yield-based 
production costs associated with seed yield amounted to 22% and 23% of the market price of 
conventional seed in 2007 and 2008, respectively.  These amounts were greater for 
conventional production compared to organic production due to the lower market price of 
conventional seed both years.  The production costs associated with organic and conventional 
straw yield equaled 10% of the market price in both years.  Despite the fact that returns 
increased at a higher rate with yields than costs, consistently positive net returns did not 
result (Tables 8-11).  
 Negative net returns were the result of low yields.  The returns resulting from these 
low yields did not cover production costs.  In 2007, weed competition reduced organic seed 
yields of flax on average to 70% compared to when weeds were removed (Tables 8 and 9).  
This reduction in yield equated to an average loss of $74.86 and $104.26 acre-1 to returns in 
the fields previously sown to corn and soybean, respectively (Table 9).  When weeds were 
removed and net returns were negative, this was the result of insufficient N.  In 2007, a 
negative net return to organic production was only observed when weeds were removed and 
no N was applied in the field previously sown to soybean (Table 9).  Not surprisingly, the 
lowest seed and straw yield was observed in this situation as well (Table 9).  In the field 
previously sown to corn and when weeds were removed, sufficient yields for positive net 
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returns were only observed when flax was raised organically and compost was applied that 
same year (Table 8).  Therefore, flax required more N in the field previously sown to corn to 
achieve yields that result in a positive net return.   
The lower yields in 2008 compared to 2007 were likely the result of late planting due 
to above-average precipitation in 2008.  Delayed planting has been shown to significantly 
reduce response of flax to N and ultimately reduce yield (Sheppard and Bates, 1988; Smith 
and Carlson, 2006).  In 2008, weed competition reduced organic seed yields on average by 
58% compared to when weeds were removed in the field previously sown to soybean (Table 
10).  This equated to an average loss of $117.63 acre-1 to returns.  In the field previously 
sown to corn, weed competition did not necessarily result in reduced yields in 2008 (Table 
10).  However, no positive net returns were achieved in the field previously sown to corn 
regardless of weed competition when flax was produced organically in 2008 (Table 10). 
 Positive net returns to conventional production were recorded in 2007 when soybean 
preceded flax.  This occurred when 60 to 90 lb N acre-1 were applied (Table 9).  Greater 
yields were also observed at these two rates (Table 9).  Weed competition reduced 
conventional seed yields of flax on average by 70% compared to when weeds were removed 
in this case (Table 9).  This reduction in yield equated to an average loss of $78.21 acre-1 to 
returns (Table 9).  No positive net returns were achieved in the field previously sown to corn 
regardless of weed competition in 2007 (Table 9).  Without weeds, yields were not sufficient 
to result in positive net returns for conventional production.  As with organic production, flax 
required more N in the field previously sown to corn to achieve seed and straw yields that 
result in positive net returns.  Weed competition reduced seed yields on average by 74% 
compared to when weeds were removed (Table 9).  This reduction in yield equated to an 
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average loss of $51.25 acre-1 to returns (Table 9).  The losses to return due to weeds 
exceeded the cost of herbicide ($16.41 acre-1) in 2007.  Losses to return would thus be 
reduced as a result of the herbicide.  No positive net returns to conventional production were 
recorded in 2008 (Table 10).  The removal of weeds did reduce losses to returns by an 
average of $84.38 acre-1 in the field previously sown to soybean (Table 11).  As in 2007, this 
loss exceeded the cost of herbicide ($17.43 acre-1).  In the field previously sown to corn, no 
positive financial returns were recorded and weed removal did not necessarily reduce 
financial losses (Table 10). 
Conclusion 
Greatest seed and straw yields of flax resulted in the greatest net returns.  Based on 
the seed and straw yields recorded in this study, the greatest yields were achieved when 
weeds were removed.  Therefore, organic growers of flax in Iowa would only expect positive 
net returns when pressure from weeds was low to non-existent.  Proper application of N was 
also a factor in achieving a positive net return.  Flax required more N to yield positive net 
returns in the fields previously sown to corn compared to soybean.  When produced 
organically, greatest positive net returns were achieved when either corn or soybean preceded 
flax and 60 lb N acre-1 were applied as compost.  Returns to conventional production of flax 
were not generally profitable despite the market price in 2007 and 2008 was twice the 10-
year average (NASS, 2010).  Conventional growers could expect positive net returns when 
weed pressure was low.  An herbicide application would reduce losses to returns.  Moreover, 
higher N rates were required to achieve positive net returns when flax was produced 
conventionally in the field previously sown to soybean.  Delayed planting due to above-
average moisture conditions likely caused the lower yields and net returns observed in 2008.   
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It is important to note that only the N content of manure and compost was considered 
when determining the value of these sources of fertility.  This is because flax in general is not 
very responsive to other macronutrients, P (Grant et al., 1999; Lafond, 2003; Franzen, 2004) 
and K (Franzen 2004), that are present in these substances.  Indeed the costs of these 
substances would be greater if the contents of P and K were considered when determining 
value.  If these additional nutrients were valued, the estimated costs of organic production 
and the necessary yields to achieve a net positive return would be greater.  Red clover has 
also been shown to provide sufficient N for the successive crop in rotation (Stute and Posner, 
1995).  End of season legume biomass can be used to calculate a N credit for the subsequent 
crop in the rotation (Sullivan, 2003).  The red clover used in this study could be valued for its 
N replacement value, thus offsetting costs.  A conscious effort was made to only analyze the 
production year of flax for the purpose of this study.  Therefore, the value of the additional 
N, P, and K added to the system was neglected. 
Potentially, one cutting of red clover after harvesting flax could be marketed as hay.  
Post harvest biomass red clover from the field study, however, was not recorded.  The 
resulting net returns could be used to supplement net returns to organic production of flax.   
It is also worth mentioning that the cost of the land used to generate these estimated 
costs, returns, and net returns might differ among growers.  This is particularly important in 
the case of land ownership and land rental (Duffy, 2009; Delate et al. 2008). Land rent 
marked the greatest cost of any individual line item included in the production costs of either 
production method—$150.00 and $170.00 acre-1 in 2007 and 2008, respectively (Tables 6 
and 7).  In those same years, land rent in North Dakota, where flax is most typically grown in 
the U.S., was $45.00 and $52.50 acre-1 (Swenson and Haugen 2006; 2007).  Provided that 
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greater seed yields of flax are achieved in North Dakota than in Iowa, the potential for 
positive returns to the production of flax is greater in North Dakota.  If land is owned in 
Iowa, the total estimated costs of production may be reduced and the potential for positive 
net return to producing flax is thus elevated.  Accordingly, the cost of land could potentially 
be higher or lower in a land rental situation, thus affecting net return.  Lowering the cost of 
land, or removing it altogether, from this analysis would affect net returns more than 
fluctuations in the market price or the cost of production practices.  Based on the results of 
this study, it would follow that the potential for positive net returns to organic or 
conventional production of flax would be greatest on owned land or land with a low rental 
rate.  
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Table 1. The total N content of the N sources in 
2007 and 2008.  Manure and compost are only 
considered for organic production.  Urea is only 
considered for conventional production.  In 2007, 
two sources of manure were used.  The value of 
the manure and urea is based on the commercial 
price of N in 2007 and 2008: $0.31 lb-1 and $0.46 
lb-1 N, respectively. All of the N in the manure 
and urea was assumed available for crop growth. 
Ten per cent of the N in the compost was 
assumed available.  
Year Total N Value 
Organic production  
Manure lb 1000 gal-1 $ 1,000 gal-1 
2007a 28 $8.68 
2007b 51 $15.81 
2008 26 $11.96 
Compost % $ ton-1 
2007 2.18 $1.32 
2008 2.16 $1.15 
Conventional production  
Urea % $ lb-1 
2007 45 $0.14  
2008 45 $0.21  
aInitial liquid manure applied to assigned plots 
bAdditional liquid manure applied to meet target 
N rates 
 
135 
 
150 
 
Table 2. The amount of manure, compost, and urea applied from each 
source in 2007 and 2008.  Manure and compost are only considered for 
organic production.  Urea is only considered for conventional 
production.  The values associated with these amounts are presented in 
parentheses and are derived from the commercial price of N: $0.31 lb-1 
and $0.46 lb-1 in 2007 and 2008, respectively. 
 Target N rate (lb acre-1) 
Year 30 60 90 
Organic production     
Manure ------------------- gal acre-1 ($ acre-1) ------------------- 
2007a    815 ($7.07) 1,628 ($14.13) 2,443 ($21.21) 
2007b    209 ($3.30)     418 ($6.61)     625 ($9.88) 
   2007 Total  1,024 (10.37) 2,046 ($20.74) 3,068 ($31.09) 
2008 1,150 ($13.75) 2,300 ($27.51) 3,450 ($41.26) 
Compost ton acre-1 ($ acre-1) 
2007 7 ($9.24) 14 ($18.48) 21 ($27.72) 
2008 12 ($13.80) 24 ($27.60) 37 ($42.55) 
Conventional production   
Urea lb acre-1 ($ acre-1) 
2007 65 ($9.30) 130 ($18.60) 196 ($27.90) 
2008 65 ($13.80) 130 ($27.60) 196 ($41.40) 
aInitial liquid manure applied to assigned plots  
bAdditional liquid manure applied to meet target N rates 
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Table 3. Estimated machinery costs associated with organic production of 
flax in 2007 and 2008. 
 2007 2008 
  
Fixed 
Cost 
Variable 
Cost 
Fixed 
Cost 
Variable 
Cost 
Field cultivatea $2.00  $1.80  $2.00  $2.20  
Harrowa $1.60  $0.90  $1.70  $1.00  
Drill flaxa $3.70  $2.90  $3.70  $3.30  
Cultipackb $2.20  $2.30  $2.20  $2.30  
Spreading fertilitya $1.70  $1.10  $1.70  $1.30  
Windrowinga $3.10  $2.80  $3.20  $2.30  
Combinea $9.60  $7.10  $9.80  $6.20  
Grain cartb $0.80  $0.40  $0.80  $0.40  
Bale strawa $6.60  $3.40  $6.70  $3.70  
 $1.36   $1.36  
    
Interest on 
preharvesta  
Variable costs  
(8 Months @ 8.0%)         
TOTALS $31.30  $24.06  $31.80  $24.06  
TOTAL Machinery Cost $55.36    $55.86  
aDuffy, 2007; 2008, respectively   
bChase et al., 2008    
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Table 4. Estimated machinery costs associated with conventional 
production of flax in 2007 and 2008. 
  2007 2008 
  
Fixed 
Cost 
Variable 
Cost 
Fixed 
Cost 
Variable 
Cost 
Field cultivatea $2.00  $1.80  $2.00  $2.20  
Harrowa $1.60  $0.90  $1.70  $1.00  
Drill flaxa $3.70  $2.90  $3.70  $3.30  
Cultipackb $2.20  $2.30  $2.20  $2.30  
Spreading fertilitya $1.70  $1.10  $1.70  $1.30  
Spray herbicidea $0.90  $0.80  $1.00  $0.70  
Windrowinga $3.10  $2.80  $3.20  $2.30  
Combinea $9.60  $7.10  $9.80  $6.20  
Grain cartb $0.80  $0.40  $0.80  $0.40  
Bale strawa $6.60  $3.40  $6.70  $3.70  
$1.41   $1.40  
   
Interest on 
preharvesta 
Variable costs 
(8 Months @ 8.0%) 
 
      
TOTALS $32.20  $24.91  $32.80  $24.80  
TOTAL Machinery Cost $57.11    $57.60  
aDuffy, 2007; 2008, respectively   
bChase et al., 2008    
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Table 5. The monetary rates associated with hauling and handling seed, cleaning 
seed, and hauling straw in 2007 and 2008.  These costs are presented as rates 
because the costs of these processes are dependent on seed and straw yield of flax.  
  2007 2008 
 
Fixed 
Cost 
Variable 
Cost 
Fixed 
Cost 
Variable 
Cost 
Haul seeda $0.0004/lb $0.0004/lb $0.0004/lb $0.0006/lb 
Cleaning seedb $0.06/lb   $0.06/lb   
Haul strawa $0.90/ton $1.10/ton $0.90/ton $1.40/ton 
aDuffy, 2007; 2008, respectively    
bMark Schuett, American Natural Soy, Inc.   
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Table 6. The total costs of organic production of flax in 2007 
and 2008.  These costs were calculated prior to applying the 
yield-dependent rates of seed hauling and handling, straw 
baling and hauling, and seed cleaning.  A single soil 
amendment is included: 30 lb N acre-1 from manure. The total 
costs presented would change with the substitution of the 
other soil amendments studied. 
  2007 2008 
Total Machinery costa $45.68 $45.76 
Land rentb $150.00 $170.00 
Labor (1.2 hours @ $11.00/hour)c $13.20 $13.20 
Flaxseed (50 lb acre-1)d $37.50 $37.50 
Red clover seed (14 lb acre-1)d $37.80 $37.80 
Manure (30 lb N acre-1)e $10.37 $13.75 
TOTAL $294.55 $318.01 
aTable 3   
bDuffy, 2007; 2008, respectively   
cEdwards, 2009   
dAlbert Lea Seed House, 2009   
eTable 2   
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Table 7. The total costs of conventional production of flax in 
2007 and 2008.  These costs were calculated prior to applying 
the yield-dependent rates of seed hauling and handling, straw 
baling and hauling, and seed cleaning.  A single soil 
amendment is included: 30 lb N acre-1 from urea. The total 
costs presented would change with the substitution of the 
other soil amendments studied. 
  2007 2008 
Total Machinery costa $45.68 $45.76 
Land rentb $150.00 $170.00 
Labor (1.2 hours @ $11.00/hour)a $13.20 $13.20 
Flaxseed (50 lb acre-1)d $37.50 $37.50 
Herbicidee $14.71 $15.73 
Urea (30 lb N acre-1)f $9.30 $13.80 
TOTAL $270.39 $295.99 
aTable 4   
bDuffy, 2007; 2008, respectively   
cEdwards, 2009   
dAlbert Lea Seed House, 2009   
eSwenson and Haugen, 2006; 2007, respectively  
fTable 2   
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Table 8. Production costs, returns, and net returns per acre in 2007 and in the field previously sown to corn. These values are based on the seed and straw 
yields resulting from organic and conventional production both when weeds were not removed and when weeds were removed.  Manure and compost 
were N sources used for organic production. Urea was the N source for conventional production. 
   Weeds not removed  Weeds removed 
 Production 
method 
N 
Source 
N            
(lb acre-1) Seed yield (lb acre-1) 
Straw yield 
(ton acre-1) 
Cost        
($ acre-1) 
Return    
($ acre-1) 
Net Return 
($ acre-1)   
Seed yield 
(lb acre-1) 
Straw yield 
(ton acre-1) 
Cost        
($ acre-1) 
Return    
($ acre-1) 
Net Return 
($ acre-1) 
Organic None 0 276 0.3 $314.94 $127.81 -$187.13  395 0.4 $322.38 $179.33 -$143.05 
 Manure 30 413 0.4 $334.48 $185.27 -$149.21  544 0.6 $342.80 $252.94 -$89.86 
  60 418 0.5 $345.96 $199.16 -$146.80  576 0.6 $355.77 $263.54 -$92.23 
  90 501 0.5 $361.98 $226.55 -$135.43  600 0.6 $368.20 $271.46 -$96.74 
 Compost 30 644 0.7 $347.92 $298.23 -$49.69  862 0.8 $361.38 $382.42 $21.04 
  60 586 0.8 $357.91 $310.47 -$47.44  1,086 1.2 $385.59 $505.30 $119.71 
  90 508 0.9 $359.64 $277.84 -$81.80  902 1.1 $384.00 $432.35 $48.35 
              
Conventional None 0 276 0.3 $291.33 $111.25 -$180.08  395 0.4 $298.77 $155.63 -$143.14 
 Urea 30 475 0.5 $313.69 $189.47 -$124.22  626 0.6 $323.08 $242.49 -$80.59 
  60 595 0.6 $331.05 $234.11 -$96.94  839 0.8 $346.29 $324.48 -$21.81 
    90 669 0.7 $345.61 $266.34 -$79.27   864 0.9 $357.87 $343.48 -$14.39 
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Table 9. Production costs, returns, and net returns per acre in 2007 and in the field previously sown to soybean. These values are based on the seed and 
straw yields resulting from organic and conventional production both when weeds were not removed and when weeds were removed.  Manure and 
compost were N sources used for organic production. Urea was the N source for conventional production. 
      Weeds not removed   Weeds removed 
 Production 
method 
N 
Source 
N            
(lb acre-1) 
Seed yield 
(lb acre-1) 
Straw yield 
(ton acre-1) 
Cost        
($ acre-1) 
Return    
($ acre-1) 
Net Return 
($ acre-1)   
Seed yield 
(lb acre-1) 
Straw yield 
(ton acre-1) 
Cost        
($ acre-1) 
Return    
($ acre-1) 
Net Return 
($ acre-1) 
Organic None 0 498 0.5 $328.84 $225.56 -$103.28  695 0.8 $341.43 $327.31 -$14.12 
 Manure 30 611 0.7 $347.12 $287.34 -$59.78  837 0.9 $361.26 $386.40 $25.14 
  60 675 0.8 $362.19 $320.70 -$41.49  933 0.9 $378.08 $418.08 $40.00 
  90 702 0.8 $374.80 $329.61 -$45.19  918 1.2 $388.74 $449.87 $61.13 
 Compost 30 609 0.8 $345.99 $298.92 -$47.07  838 1.0 $360.32 $398.98 $38.66 
  60 527 1.0 $351.20 $296.35 -$54.85  933 1.3 $376.49 $467.06 $90.57 
  90 469 0.8 $357.06 $252.72 -$104.34  918 1.2 $385.17 $449.87 $64.70 
              
Conventional None 0 498 0.5 $305.23 $195.68 -$109.55  695 0.8 $317.82 $285.61 -$32.21 
 Urea 30 535 0.6 $317.54 $217.91 -$99.63  762 0.9 $331.95 $315.94 -$16.01 
  60 787 0.9 $343.33 $322.69 -$20.64  996 1.1 $356.44 $403.61 $47.17 
    90 693 0.9 $347.47 $297.31 -$50.16   1,114 1.2 $373.67 $447.71 $74.04 
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Table 10. Production costs, returns, and net returns per acre in 2008 and in the field previously sown to corn. These values are based on the seed and straw 
yields resulting from organic and conventional production both when weeds were not removed and when weeds were removed.  Manure and compost 
were N sources used for organic production. Urea was the N source for conventional production. 
   Weeds not removed  Weeds removed 
 Production 
method 
N 
Source 
N            
(lb acre-1) Seed yield (lb acre-1) 
Straw yield 
(ton acre-1) 
Cost        
($ acre-1) 
Return    
($ acre-1) 
Net Return 
($ acre-1)   
Seed yield 
(lb acre-1) 
Straw yield 
(ton acre-1) 
Cost        
($ acre-1) 
Return    
($ acre-1) 
Net Return 
($ acre-1) 
Organic None 0 119 0.3 $326.08 $108.93 -$217.15  107 0.3 $325.34 $101.72 -$223.62 
 Manure 30 152 0.3 $342.67 $128.72 -$213.95  219 0.3 $346.76 $228.92 -$117.84 
  60 181 0.4 $359.25 $158.63 -$200.62  188 0.4 $359.67 $162.82 -$196.85 
  90 84 0.2 $367.45 $75.42 -$292.03  117 0.2 $369.46 $95.21 -$274.25 
 Compost 30 181 0.3 $344.49 $146.12 -$198.37  135 0.3 $341.68 $118.52 -$223.16 
  60 161 0.3 $357.89 $134.12 -$223.77  101 0.3 $354.23 $89.12 -$265.11 
  90 171 0.4 $374.58 $152.63 -$221.95  206 0.4 $376.72 $173.63 -$203.09 
              
Conventional None 0 119 0.3 $303.01 $69.65 -$233.36  107 0.3 $302.28 $66.41 -$235.87 
 Urea 30 130 0.3 $318.31 $72.62 -$245.69  134 0.3 $318.55 $73.70 -$244.85 
  60 203 0.3 $337.38 $92.34 -$245.04  145 0.3 $333.85 $76.67 -$257.18 
    90 190 0.4 $351.41 $101.32 -$250.09   165 0.4 $349.89 $94.58 -$255.31 
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Table 11. Production costs, returns, and net returns per acre in 2008 and in the field previously sown to soybean. These values are based on the seed and 
straw yields resulting from organic and conventional production both when weeds were not removed and when weeds were removed.  Manure and 
compost were N sources used for organic production. Urea was the N source for conventional production. 
   Weeds not removed  Weeds removed 
 Production 
method 
N 
Source 
N            
(lb acre-1) Seed yield (lb acre-1) 
Straw yield 
(ton acre-1) 
Cost        
($ acre-1) 
Return    
($ acre-1) 
Net Return 
($ acre-1)   
Seed yield 
(lb acre-1) 
Straw yield 
(ton acre-1) 
Cost        
($ acre-1) 
Return    
($ acre-1) 
Net Return 
($ acre-1) 
Organic None 0 184 0.7 $330.96 $197.95 -$133.01  252 0.8 $335.34 $251.25 -$84.09 
 Manure 30 150 0.5 $343.01 $152.54 -$190.47  294 1.0 $352.94 $301.47 -$51.47 
  60 147 0.7 $357.86 $175.75 -$182.11  285 1.2 $367.43 $321.08 -$46.35 
  90 164 0.7 $373.48 $185.95 -$187.53  507 1.1 $395.33 $441.78 $46.45 
 Compost 30 209 0.5 $346.66 $187.94 -$158.72  217 0.6 $347.37 $205.24 -$142.13 
  60 141 0.6 $357.36 $159.64 -$197.72  371 1.0 $372.32 $347.67 -$24.65 
  90 158 0.5 $374.02 $157.34 -$216.68  348 1.0 $386.76 $333.87 -$52.89 
              
Conventional None 0 184 0.7 $307.76 $137.22 -$170.54  252 0.8 $312.10 $168.10 -$144.00 
 Urea 30 140 0.5 $319.32 $100.34 -$218.98  441 1.1 $338.82 $256.64 -$82.18 
  60 155 0.6 $335.06 $116.90 -$218.16  321 1.0 $345.95 $211.74 -$134.21 
    90 195 0.7 $352.32 $140.20 -$212.12   459 1.2 $369.37 $274.01 -$95.36 
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CHAPTER 6. General Conclusion 
This research project addressed the need for crop species diversity on the Iowa 
agricultural landscape.  The information will be especially valuable to farmers who recognize 
the value of biodiversity in crop rotations.  Improving economic stability of the farmer while 
increasing biodiversity in agricultural systems of Iowa were intended outcomes of this 
project.  Despite the primary intended audience for this research, this study was not 
conducted on certified organic field sites due to certain constraints.  Inherent soil and weed 
conditions may not reflect those of sites where organic production methods have been 
employed for a number of years.  As such, the findings of this study are most applicable to 
flax grown on land transitioning from conventional to certified organic production standards.  
Though growing flax during the transition period may not be an ideal practice. 
Applied N (in any form) benefits seed and straw yields of flax.  Late planting in the 
second year of the experiment resulted in lower yields and no response to applied N.  Greater 
seed and straw yield of flax was achieved in the fields previously sown to soybean rather 
than to corn.  Applied N did not affect the oil concentration of flaxseed despite reports by 
other authors as to the negative effects of N on oil concentration.  Weed competition reduced 
seed and straw yield as well as the oil concentration of flaxseed.  The effect of N on seed and 
straw yield of flax was diminished by weeds as well. 
Both weeds and red clover reduced seed and straw yields and oil concentration of 
flaxseed.  Applied N benefits seed and straw yield of flax, but it also increases the risk of 
increasing weed pressure and subsequently reducing yields.  This was especially true when 
the highest rate (90 lb N acre-1) was applied in our study.  Red clover functioned similarly to 
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weed competition rather than as a weed management tool.  Recommending an underseeding 
of red clover accompany flax as a form of weed management should be reconsidered. 
Maximizing seed and straw yield of flax is essential to ensure positive net returns to 
organic production of flax.  No pressure from weeds and 60 to 90 lb N acre-1 resulted in 
positive net returns in 2007 in our study.  No positive net returns resulted in 2008 and are 
attributed to late planting and above-average moisture conditions that year. 
The detrimental effects of late planting and weed competition on agronomic 
components of flax are major caveats to organic production of flax.  For this reason, flax may 
not be a viable crop for growers in Iowa.  Future research on organic production of flax 
should be done on land that has been in organic crop production for a number of years.  Soil 
conditions and weed pressure would better reflect those of typical organic production 
systems in Iowa.  Flax would not likely be grown while a grower is transitioning between 
conventional and organic production.  Instead, this author suggests that research on organic 
production of flax within the context of a full crop rotation is ideal.  The effects of previous 
crop, weed competition, and N on the production of organic flax would be better understood.  
The true economic viability of organic flax production would be better understood in this 
case as well. 
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